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The objective of enterprise building infrastructure management is to provide optimal 
allocation of maintenance, rehabilitation and replacement (MR&R) resources and to preserve the 
condition of building components over a planning horizon. While most approaches have studied 
it as a finite resource allocation problem, the presence of an underlying building network 
configuration has been largely ignored. The development of a network model of building 
components introduces several challenges, as well as opportunities, for MR&R decision-making 
and optimized building preservation, which cannot adequately be handled by the existing 
decision-making frameworks. One such challenge to enterprise building portfolio management is 
the lack of understanding for the correlation of one component’s condition state to another. 
Building component network-level optimization is not available as in other infrastructure 
domains, which makes calculating the benefit of component work activities on other building 
components very difficult to determine. 
This research focuses on using structured query language (SQL) based association rule 
mining to find frequent patterns of observed condition deterioration among different component 
types. A new metric, negative effective deterioration, is introduced which is based on actual 
deterioration observed from inspection data, relative to expected condition states. Frequent 
patterns of antecedent and consequent component pairs having negative effective deterioration 
states are discovered, and support and confidence factors indicate the strength of these 
correlations.  
The building component network model can improve enterprise work planning by 
considering the effects of negative effective deterioration on other correlated components. This 
new concept of network-level work optimization is used to identify antecedent component 
investment opportunities which have a large consequent component payoff by lowering the risk 
of future preventable deterioration. This process can decrease the long term deferred deficiency 
backlog by focusing limited MR&R resources not just on the components in the worst condition, 
but on those that have the most adverse effect on the condition of associated components. The 
proposed method can discover a large number of component correlations with negative effective 
deterioration, which are usually neglected by facility managers, and be able to manage the 
facility components in the way that predicts unnecessary added deterioration and enable rapid 
correlation analysis. Furthermore, the correlation of building components is used to present a 
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CHAPTER 1 - INTRODUCTION 
 
1.1 Overview 
For organizations that own, operate, and maintain infrastructure, buildings represent a 
significant portion of their maintenance, rehabilitation and repair (MR&R) expenses across their 
portfolio.  The federal government alone owns approximately 496,000 buildings and structures 
with a building footprint of nearly 3 billion square feet (General Accounting Office, 2016). The 
Department of Defense (DoD), which is responsible for nearly 57% of federal facility assets, 
owns and operates over 275,000 buildings totaling nearly 2.2 billion gross square feet (GSF) and 
$705 billion in plant replacement value (PRV) (DoD, 2017). Due to aging building infrastructure 
and significantly constrained budgets, organizations are continually seeking new ways to 
optimize both their MR&R budgets and optimize building preservation strategies. 
There are numerous building sustainment management approaches regarding predicting 
condition and future work requirements (Grussing, M., 2014; Grussing, Michael N., Uzarski, & 
Marrano, 2006; Madanat, Mishalani, & Ibrahim, 1995; Ottoman, Nixon, & Lofgren, 1999). 
These building sustainment management approaches all focus on predicting the state of 
individual components or systems based on attributes or deterioration prediction models of those 
same individual components or systems.  
The transportation asset management industry has similar goals of predicting future 
condition states of transportation assets and optimizing work action plans in order to anticipate 
budget needs and timing. Optimal use of the available maintenance and rehabilitation budgets 
has become critical for transportation agencies, because of the aging highway network and the 
budget cuts at most agencies (Wang, S., 2011). Similar to the aforementioned building 
sustainment systems, transportation sustainment management systems have been researched, 
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developed and used for many years predominantly starting in the 1980s (Abaza, 2007; Chen, X., 
Hudson, Pajoh, & Dickinson, 1996; Elbehairy, Hegazy, & Soudki, 2009; Golabi, Kulkarni, & 
Way, 1982; Lounis, 2005; Ravirala, Grivas, Madan, & Schultz, 1996). Moreover, as building 
sustainment management systems focus on individual models of components or systems, these 
referenced transportation sustainment management systems also do not perform condition 
prediction or work action optimization based on network level / cross asset optimization. More 
current research in the optimization of transportation sustainment does model at a network level 
across assets and components (Wang, Shuo, 2014). This cross asset / network level optimization 
is possible due to the network interconnectivity aspect of such transportation assets.  
 Organizations with extremely large building portfolios, such as the Federal Government, 
need the capability to model their building components as a “network” so optimization models 
can be developed in a similar fashion to the latest network-level transportation optimization 
models. Through frequent pattern mining of building component condition states to determine 
frequent itemsets, dynamic networks of building components can be derived. The building 
component networks will reveal criticality factors and connections based on the effect of 
respective condition states on other components, even outside of parent systems.  These second 
order interactions between components can be used to optimize savings and mitigate overall risk 
for building investment strategies. By determining what components in a building have the most 
influence on the condition of other components based on the network of component nodes, many 
building asset management decisions could be impacted and optimized. 
 The United States Department of Defense (DoD) defines the term “facility” as a building, 
structure, or linear structure (DoD, 2014). In other words, the term facility refers to an 
infrastructure asset and can be a building, bridge, utility, pavement, fence, fuel tank, et cetera. A 
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“building” is defined as a roofed and floored facility enclosed by exterior walls and consisting of 
one or more levels that is functional and that protects human beings and their properties from the 
weather elements. Throughout this dissertation and research, the terms facility and building will 
be used as outlined by the DoD.  
1.2 Challenges to Enterprise Building Portfolio Management 
As previously stated, the DoD has an immense portfolio of buildings which present 
numerous challenges to managing them from an enterprise perspective. Across the portfolio, 
there are hundreds of thousands of buildings of different age / vintage, varying condition states, 
and hundreds of different building use types. Furthermore, multiple stakeholders may have 
conflicting preferences or ideas of how to preserve the portfolio of buildings.  
The complexity of the building systems and the interaction between the systems and 
components present a challenge from an enterprise perspective. Interactions can be either direct 
connections for components which are physically connected or indirect which are physically 
connected but still have a cause and effect relationship. These direct and indirect relationships 
will possibly be different for each building use type, geographic region, and organization 
mission. Therefore, tracking these causal relationships across the entire enterprise of buildings is 
an immense task. This concept can be thought of as component network optimization which is 
somewhat achievable in other infrastructure domains such as the transportation industry. This 
concept of a network via an origin and destination concept is outlined later in the literature 
review section.  
Another challenge to enterprise portfolio management is prioritizing the immense amount 
of unconstrained work actions. This unconstrained set of work actions consists of a list of all the 
repairs or replacements of components to fully repair the buildings. Organizations can prioritize 
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these work actions based on many attributes such as system importance, building mission 
importance, return on investment, current condition, and other metrics. However, building work 
actions cannot easily be prioritized based on evaluating the benefit of component work actions 
on other components. For example, what is the benefit to Component X if a work action is 
carried out on Component Y?  
Existing building component knowledge only consists of data within that system or 
component in a “stove-piped” manner where effects on other systems and components are not 
captured. When a component is installed in a building, the condition is marked as having a 
perfect condition state for that point in time. As time progresses, maintenance and other 
condition assessments may be carried out on the component which provide data points to adjust 
the expected lifecycle of that component. As data points are gathered, more accurate predictions 
can be made for when that component may reach failure or may need repair work actions.  
 
Figure 1. Existing Building Component Knowledge 
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Figure 2 shows examples of components with accelerated deterioration, meaning the 
components are in a condition state lower than what would be expected for the respective 
component age. Each of these examples show accelerated deterioration through a remaining 
service life (RSL) prediction based on a condition state. The RSL can then be subtracted from 
the design life (expected life) to provide an effective age. When the effective age is greater than 
the actual age, this can be thought of as negative effective deterioration. Again, this effective 
deterioration is stove-piped and does not provide any knowledge of the accumulated 
deterioration on other component condition states. 
 







1.3 Problem Statement 
The goal of facility asset management related to buildings is to determine the optimal 
application of work treatments such that the input costs are minimized, given constraints on 
resource availability and performance standards.  This optimization can occur across all 
components of a system, all systems of a building, and all buildings in a facility portfolio.  The 
ideal scenario is to provide a solution that meets the building owner and building user 
requirements at the lowest total cost throughout its life cycle.  This requires accurate and up-to-
date “knowledge” of the building and all of its constituent elements (Grussing, Michael N. & 
Liu, 2014). 
In current optimization models, this “knowledge” of all the constituent elements only 
exists on an individual component basis. Current research for building component optimization 
models focuses heavily on predicting the future state of a component based on the accumulated 
historical deterioration of the said component as well as other attributes which are generally 
about that same component. This stove-piped view is constrained in this manner due to the 
inability to develop an inter-connected network or set of component nodes within a building. If a 
network of building component nodes can be developed, insight into the criticality of certain 
components and the accumulated effect they potentially have on other components can be 
discovered. Furthermore, if a building component network level model can be developed, cross-
component optimization techniques can be applied that are currently being developed in the 
transportation asset management field which could not otherwise be used for buildings.  
Both the aging infrastructure of buildings and the significantly constrained budget 
environment in the US Department of Defense have prompted many military services or 
agencies to search for optimal building preservation strategies. Normal decision-making 
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processes for maintenance, rehabilitation and replacement (MR&R) focus on how to optimally 
spend a given budget on mission critical or mission dependent buildings, where non-mission 
dependent buildings may receive no budget. In August 2016, the Office of the Assistant 
Secretary of the Army (ASA) - Installations, Energy, and Environment (IE&E) issued a 
document called "Army Installations 2025" which presents the Army’s strategy to ensure the 
U.S. installations remain ready, resilient, and capable of meeting the demands placed upon them. 
The ASA (IE&E)’s Installations, Energy and Environment Strategy 2025 identified three Key 
Business Drivers (KBD): Installations, Energy, and Environment. There are six main goals in the 
Installations KBD strategy as outlined in Table 1. (Department of the Army, 2016). 
Table 1. Six Main Goals for Installations Key Business Drivers 
1.1 Enhance installation resiliency 
1.2 Prioritize the Army’s Facility Investments 
1.3 Optimize infrastructure to support force structure requirements 
1.4 Set conditions for a future BRAC round 
1.5 Oversee development of the National Museum of the United States Army  
1.6 Enhance Contingency Basing Capabilities 
 
For this research, aspects of goals 1.1 and 1.2 are relevant and are a key component to this 
problem statement.  
1.1 – Enhance Installation Resiliency 
Enhance Installation Resiliency by planning and programming for infrastructure sustainment, 
utility upgrades, and by leveraging the authority for intergovernmental support agreements 
codified in Title 10 U.S.C.§ 2679 (Armed Forces, 2015). 
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1.2 – Prioritize the Army’s Facility Investment Strategy (FIS) 
Achieve the right balance of funding for maintaining needed buildings and eliminating excess, as 
reflected in accurate real property accountability records. Fully utilize the related resource 
streams available for success to include: Building Sustainment, Facilities Restoration and 
Modernization (R&M), Facilities Reduction, Military Construction (MILCON), and Unspecified 
Minor Military Construction (UMMC) programs. 
More specifically, the Army Installations 2025 report further breaks down 1.1 and 1.2 into sub-
objectives.  




Sub-objectives 1.1.6, 1.1.7, and 1.1.8 are categorized together as an “Infrastructure Sustainment” 
objective which the Department of the Army describes as: 
“The Facilities Sustainment Model (FSM) generates the annual sustainment funding required to 
keep real property facilities serviceable throughout their expected service life and covers major 
repairs or replacement of facility components which are expected to occur periodically 
throughout the facility life cycle. Given resource constraints, adaptive facility investment 
strategies must be implemented that look at innovative ways to reduce costs while optimizing 
savings and mitigating overall risk to the Army.” (Department of the Army, 2016)  
 
The second main goal which is a key component and to the problem statement for this research is 
defined as in Table3. 
Table 3. Objective 1.2 - Facility Investment Strategy 
 
Sub-objectives 1.2.1, 1.2.2, and 1.2.3 can be grouped together in a common goal of improving 
condition of buildings. The US Army spends over $4.0B to sustain their installation buildings on 
an annual basis (R&K Solutions, 2019). In contrast to the unconstrained building sustainment 
deferred backlog, this is a severely constrained budget. Therefore, it is critical to develop new 
optimization models to focus the available sustainment budget on critical component nodes in 
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buildings that have a probability of affecting the accumulated deterioration of other building 
components based on a correlation between each component pair. 
 
1.4 Research Gaps, Objectives and Domain 
1.4.1 Research Gaps 
Existing building component models have no interaction of deterioration effects on other 
components. As shown previously, condition states are predicted and updated to be used for 
work generation and prioritization in stove-piped lanes of analysis.  
A literature review shows that only surveys and analytical hierarchy processes have been 
used to highlight component interactions (Wong & Li, 2008). The findings of this study are not 
directly related to developing an inter-related network of components which have an effect on 
other components, but rather this study is more of a crosswalk between building systems (i.e. 
HVAC, façade, security) with selection criteria (i.e. indoor air quality, reliability, compatibility). 
Therefore, there is still a major research gap in developing a building component network based 




Figure 3. Graphical Representation of Disconnected Building Components 
1.4.2 Research Objectives 
To accomplish the proposed research goal, through model development the objectives 
were identified, summarized in the list below.   
1. Determine what attributes of buildings and building components to perform frequent pattern 
mining on. This has changed over the course of the research and purposely been a dynamic 
aspect and variable. Because of this dynamic need, it was important to be flexible in how the 
initial dataset configuration was setup.  
2. Develop an agnostic building decomposition to the most relevant level of detail. This 
decomposition should not be hard coded to a specific building condition assessment 
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application and uses one of the four common construction classification systems for 
classifying building product models. 
3. Develop a verification and pre-cleaning data workflow that is repeatable and does not discard 
any data that is critical to the final outcome. 
4. Develop a filter for the dataset to a specified minimum support and minimum confidence of 
frequency of components. The minimum support and minimum confidence are parameters of 
the Apriori algorithm for association rule generation. These parameters are used to exclude 
rules in the result that have a support or a confidence lower than the minimum support and 
minimum confidence respectively (Han, Jiawei & Kamber, 2001). 
5. Based on literature research of Structured Query Language (SQL) frequent pattern mining, 
choose an appropriate proven pattern mining method to use. An extensive literature search 
and review determined what SQL frequent pattern mining methods are appropriate for the 
type and output of the building component condition data. 
6. Develop queries, scripts and stored procedures in the dataset to perform the frequent pattern 
mining of first order itemset models. The first order itemset models are instances where the 
condition of one component has a frequent pattern of having the same condition in another 
component. For example, {component X}  {component Y} 
7. Develop queries, scripts and stored procedures in the dataset to perform the frequent pattern 
mining of second order itemset models. The second order itemset models are instances where 
the condition of multiple components have a frequent pattern of having the condition state of 
another component. For example, {component X, component Y}  {component Z} 
8. Develop scripts and procedures to calculate the confidence factor for the first and second 
order itemsets and determine the minimum support for these itemsets.  Similar to determining 
13 
 
the minimum support in what components were to be incorporated in the frequency analysis 
in step 7, determining the minimum support of the itemset itself is even more critical in the 
process. For example, if the number of occurrences of {component X} {component Y} 
only happens within 1% of all buildings, then it may not be a relevant frequent pattern 
itemset. The setting of this minimum support value is important to overall results and 
processing power of the frequent pattern mining algorithm. Confidence factor is an indication 
of how often the rule has been found to be true. The confidence factor is critical when 
developing later algorithms and optimization models of when these frequent itemsets should 
be applied.  
9. Determine how optimization and prioritization from the frequent itemsets can be applied 
factoring in probabilistic confidence and support factors. This step is researching how to 
apply what was learned and developed in the frequent pattern mining process and how to 
apply it to other datasets and case studies. 
10. Develop an association rule based on a new metric called negative effective deterioration 
(NED). Building components have an actual age based on the year installed. The NED metric 
uses an effective age variance based on condition assessment inspection points.  
11. Develop building component network model based on frequent itemsets and the optimization 
and prioritization. This step is the development of applying the previous algorithm and 
models to the dataset and analyzing the output.  
12. Develop a building preservation optimization model based on the building component 
network model. Once the network model is developed, we can now develop the combination 
of confidence and support which provide a work action output giving the optimized model of 
preservation of a building. This preservation aspect is applying a budget to only preserve the 
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building based on these critical component nodes developed in the building component 
network model.  
13. Run the optimization models on case studies. This step involves heavy quality control and 
quality assurance of case study model outputs. All optimization models and algorithms 
developed thus far will be put to the test against many instances of building condition 
assessment datasets.  
14. Validate optimization model results. A series of final quality control and assurance tests 
developed, and outside resources will be brought in to validate the process and the result sets. 
1.4.3 Research Domain 
The research domain for this proposal can be broken down into inputs, analysis and 
optimization where only pertinent attributes are directly used. However, other attributes are used 
for non-direct filtering, verification and validation. The bold character attributes Figure 4 show 




Figure 4. Research Domain Chart 
1.5 Dissertation Organization 
This dissertation is organized into the following chapters: 
Chapter 1 provides an introduction to the research, a discussion of the problem statement, 
and a summary of the proposed research objectives 
Chapter 2 provides a background of asset management practice and current approaches to 
building asset management, followed by a literature review of past and current research and 
technology to address challenges towards the solution of the developing a component network 
breakdown for a building as well as building preservation strategies.  
Chapter 3 examines the research’s data source.  It includes a discussion of why the 
particular dataset is being used, an overview of what the data source consists of, how old the data 
is, and the validity of using this dataset. 
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Chapter 4 discusses the methodology for the frequent pattern mining and the optimization 
models for the preservation of buildings. This chapter will discuss the reasoning behind the 
particular frequent pattern analysis method chosen based on the literature review. This chapter 
will also discuss how development of the frequent itemsets and development of the building 
network model will build the framework for the optimization model of preservation of buildings. 
Chapter 5 provides a series of case studies which are applications of the methodology to 
display a predictive optimization on a dataset. 
Chapter 6 covers both the correctness and verification as well as the suitability and 
validation of the research methods. 
Chapter 7 concludes with a summary of findings, discussion of contribution towards the 




CHAPTER 2 - RESEARCH BACKGROUND AND LITERATURE REVIEW 
 
2.1 Introduction 
The purpose of this research is to identify a novel approach to quantitatively measure the 
accumulated effect of the condition of a single component or group of components on another 
component. This new approach will uncover a building component network model using a data 
mining approach for finding frequent itemsets. This research finding will then allow these 
discovered component criticality hubs or nodes within the building network to be used in 
optimization models for long term preservation of buildings in extremely constrained budget 
environments. This is an asset management methodology that is not a normal approach for 
building assets. Network level transportation asset management approaches can be used once the 
building component network model is developed. 
Asset management methodologies have been researched and optimized for decades in 
many of the infrastructure domains including: 
• Transportation (Roads, bridges, pavements) (Abaza, 2007; Chen et al., 1996; 
Elbehairy et al., 2009; Golabi et al., 1982; Lounis, 2005; Ravirala et al., 1996; 
Wang, 2014)  
• Railroads (Gorman & Harrod, 2010; RAILER, 2018)  
• Distribution Pipelines (Davis & Marlow, 2008; Misiūnas, 2008; Simonoff, 
Restrepo, & Zimmerman, 2010)  
Common among the aforementioned assets is that their existence is part of a network and their 
inventory breakdown is linear in nature. This is important in the condition prediction and asset 
management modeling because the failure or accumulated deterioration in one part of the 
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network can have an accumulated effect on another part of the network. This has allowed for 
extensive research in these infrastructure domains based on network level approaches to 
criticality and condition prediction states. These types of networked infrastructure have an extra 
level of risk management capabilities and have a much higher public exposure consequence 
associated with failure. 
 Building asset management practices have developed at a different pace and different 
methodology all-together in contrast to the linear networked infrastructure domains. This slower 
pace of optimization research is mostly due to the inconsistency of management across the 
diverse classes of buildings. Furthermore, buildings are broken down by a vast array of systems 
and components that all line up with different construction and engineering disciplines which are 
typically responsible for each of the systems.  These systems include foundations, superstructure, 
exterior envelope, roofing, interior construction, conveying, plumbing, heating ventilation and 
air conditioning (HVAC), fire suppression, electrical, other equipment and special structures. 
While these systems are common across buildings, the attributes, construction, configuration and 
performance vary from facility asset classes and even building by building.  
 Numerous influences, such as the Army Installations 2025 report, emphasize new 
optimization models in order to preserve existing buildings during periods of constrained budgets 
for MR&R (Department of the Army, 2016).  Another such influence is the rapid expansion of 
developing world economies, including the infrastructure to support them.  The demand for basic 
commodities is increasing the costs for basic building materials such as concrete, steel, wood and 
copper.  As these material resources become more scarce and expensive, optimizing their 
allocation takes on greater importance and consequence (Grussing, 2014).  New building 
construction requires a significant amount of basic materials for construction of its foundation 
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and superstructure.  If an existing building is properly managed to be retrofitted or renovated to 
serve the same purpose, a large portion of those material requirements, and expenses, are 
averted.  In the same way, renovation and reuse can also help to divert construction waste 
materials away from landfills (Shami, 2008).  Not surprisingly, sustainability has been a huge 
factor driving the need for long term preservation of buildings. 
Another factor affecting the need for long term preservation of buildings is the lack of 
land available to build new construction, particularly in urban environments. Adaptive methods 
for reuse of existing buildings has been popular recently with an added emphasis of research 
performed on it (Jagarajan et al., 2017). Along the same lines, historic preservation policies 
(Pfaehler, 2009) have aided in making the demolition of older existing buildings more difficult. 
Because of this, preserving existing buildings has become a significant part of the facility 
infrastructure asset management arena. The Department of Defense (DoD), including the United 
States Army, is often looking at preservation and use of existing buildings as opposed to new 
military construction (Green, 2016).  
2.2 Background into Facility Asset Management for Buildings 
Facility asset management is commonly carried out by facility managers. A facility 
manager will generally be responsible for daily building operations and maintenance, as well as 
planning, scheduling, and sometimes the actual carrying out of repair and renewal work actions 
(Grussing, Michael N., 2015). It is the facility manager’s job to develop work plans, optimize 
budget plans, and perform any long-term forecasting as needed. Several decades ago, facility 




In 1980, the professional organization International Facility Management Association 
(IFMA) was established. IFMA’s mission is “To advance the professional discipline of facility 
management worldwide (International Facility Management Association, 2018).” IFMA defines 
the facility manager as having 11 core competencies (International Facility Management 
Association, 2013): 
1. COMMUNICATIONS: Manage and oversee the development and use of the facility 
communications plan, Prepare and deliver messages that achieve the intended results. 
2. QUALITY: The competent facility manager is able to develop and manage/oversee the 
creation and application of standards for the facility organization, measure the quality of 
services provided, manage/oversee the improvement of work processes, and ensure and 
monitor compliance with codes, regulations, policies and standards.    
3. TECHNOLOGY: The competent facility manager is able to plan, direct and 
manage/oversee facility management business and operational technologies. 
4. OPERATIONS & MAINTENANCE: The competent facility manager is able to assess 
the condition of the facility, manage/oversee facility operations and maintenance 
activities, manage/oversee occupant services (parking, janitorial services, food services, 
concierge, facility helpdesk, security and safety), manage/oversee the maintenance 
contracting process, and  develop, recommend and manage/oversee the facility’s 
operational planning requirements (temperature control, lighting, equipment replacement 
and so forth).  
5. HUMAN FACTORS: Develop and implement practices that support the performance 
and goals of the entire organization, practices that support the performance of the facility 
organization.   
6. FINANCE & BUSINESS: Manage and oversee the financial management of the 
facility organization, administer and manage the finances associated with contracts, 
administer procurement and chargeback procedures 
7. EMERGENCY PLANNING & BUSINESS CONTINUITY: Plan, manage and support 
the entire organizations emergency preparedness program, manage and oversee and 
support the entire organization’s business continuity program.  
8. LEADERSHIP & STRATEGY: Lead the facility organization, provide leadership to 
the entire organization, plan strategically, align the facility’s strategic requirements with 
the entire organization’s requirements, develop and implement a strategic planning 
process, and assess what services are needed to meet organizational (business) 
requirements.  
9. REAL ESTATE & PROPERTY MANAGEMENT: The competent facility manager is 
able to develop and implement the real estate master plan, and manage/oversee real estate 
assets. 
10. PROJECT MANAGEMENT: The competent facility manager is able to plan projects 
and manage/oversee projects. 
11. ENVIRONMENTAL STEWARARDSHIP & SUSTAINABILITY: Plan, manage and 
support the entire organization’s commitment to protecting the environment, manage and 
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oversee the entire organization’s commitment to sustainability of the natural and built 
environments. 
 
These core competencies ultimately factor into the facility manager’s ability to make 
optimal decisions for maintenance, operations, repair and replacement activities, and allocation 
of facility budgets. In order to accomplish this, specific information about the building needs to 
be collected which can provide metrics and quantitative states about the systems, components 
and equipment that make up the building. The typical means of collecting this building 
information is by performing a building condition assessment (Eweda, Zayed, & Alkass, 2010). 
2.2.1 Building Ownership 
Management of a building depends greatly on ownership. At the top level, building 
ownership can be divided into the public sector and the private sector. The mission and 
categories for the two sectors can vary greatly. Within the private sector ownership category 
there are residential homes, apartments, commercial and industrial. The private sector category is 
by far a larger ownership footprint than the public sector because residential homes are included 
in this category. Public sector buildings include schools, hospitals, government buildings, police 
stations, fire stations, postal offices, prisons, and parking structures (Uddin, Hudson, & Haas, 
2013).  
A majority of the private sector buildings fall into a situation where there is typically one 
owner for one building. For example, most residential homes are owned by a single owner. Many 
small businesses which own a building could typically also fall into the category where the 
owner simply owns and maintains one building. Conversely, large companies may own a 
significant footprint of buildings and have an enterprise responsibility for building management. 
Public sector owners predominantly own more than one building and also have to manage their 
buildings from an enterprise approach. However, there are varying degrees of this within the 
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public sector. A small town, for example, may only own a few buildings which they are 
responsible for managing. On the other side of the spectrum in the public sector, the United 
States Department of Defense (DoD) and the General Services Administration (GAO) own a 
significant enterprise portfolio of buildings.  These large federal owners in the public sector and 
the large companies in the private sector benefit the most from adoption of some sort of 
enterprise wide approach to building management.  
To further complicate building management for the DoD, there are 480 unique facility 
analysis categories (FAC) which are organized based on commonality of function, construction 
cost, and maintenance and repair cost (Department of the Army, 2013). This diverse range of 
building categories or mission makes the consistency of building management very challenging 
and requires unique approaches. As stated previously, the DoD owns and operates over 275,000 
buildings totaling nearly 2.2 billion gross square feet (GSF) and $705 billion in plant 
replacement value (PRV) (DoD, 2017). These buildings which make up the DoD portfolio are 
vital to the United States defense mission and each serve specific roles such as troop housing, 
training, medical, maintenance, administrative, and storage. As MR&R budgets become more 
constrained, the deferred backlog can rapidly accumulate when multiplied across the DoD 
building inventory. A decade ago, the GAO estimated the DoD MR&R backlog at approximately 
$57.8 billion (General Accounting Office, 2008).  
In 2010, the company PROLOGIS was ranked as one of America’s biggest private sector 
commercial landlords (Bloomberg, 2010). According to PROLOGIS, they own and maintain 
3,718 buildings which total 756 million square feet (PROLOGIS, 2018). This significant delta in 
footprint between the DoD as a building owner (275,000 buildings totaling nearly 2.2 billion 
square feet) compared to private sector owners presents a case as to why the DoD requires a 
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unique approach to building management. This unique approach should take into account the 
unique facility analysis categories tied to specific missions and the approach should leverage 
millions of existing data points across this massive enterprise of buildings.  
Another important characteristic of the DoD’s building portfolio in comparison with 
private sector ownership is how they operate and “do business”. Where the requirement to build, 
maintain, and preserve private sector buildings is directly related to business revenue, the DoD 
does not have an equivalent tangible correlation. A failure in a DoD building can greatly affect 
the military mission but cannot be tied to any business revenue, profit or other monetary metric.  
2.2.2 Building Asset Management Goals 
 Infrastructure Asset Management is the discipline of managing decisions for sustainment, 
restoration, modernization and eventual replacement across the life cycle for a portfolio of built 
assets.  This requires that the building structure meets reasonable expectations for levels of 
service in a cost-effective way (Salem, AbouRizk, & Ariaratnam, 2003). The first part of this 
requirement is achieved by defining an objective and measurable standard or level of service 
(LOS) for building performance, which may include minimum condition grades based on impact 
of asset failure.  The building’s LOS is controlled by sustainment (preservation) and 
restoration/modernization (capacity expansion based on strategic objectives).  The second part of 
this requirement is to provide the required LOS using a minimum whole life (life cycle) cost 
approach (Grussing, 2015). Therefore, the decision support aspect of building asset management 
has an ideal goal of optimizing work action plans to have the lowest possible cost while 





2.2.3 Traditional Asset Management Steps 
Regardless of what type of facility asset management system is being used (building, 
transportation, utility, or other domain), the broad steps of activities depicted in Figure 5 can be 
applied. 
 
Figure 5. Traditional Asset Management Steps 
2.2.3.1 Inventory 
Building inventory serves as the foundation for the traditional building asset management 
process. The inventory describes the physical parts of the building which requires management. 
Within each building, there is typically a structured hierarchy of systems and components along 
with all respective attribute information, location of the system or component, and expected 
service life or expectancy data. As far as the building itself, attribute information that can be 
gathered include building number, building name, year constructed, building use type, number of 
floors, replacement value, and any other building level attributes before descending into the 
system and component structure within the building.  
The common breakdown of components within a building is traditionally done by 
elements or classifications using construction classification systems. According to a recent study, 
there are four main construction classification systems for classifying building product models – 
(1) OmniClass, (2) MasterFormat, (3) UniFormat and (4) Uniclass. Despite the fact that these 








there are major differences among them (Afsari & Eastman, 2016). Table 4 summarizes some of 
the characteristics and differences of these classification systems. 
Table 4. Building Classification System Summary 
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For building asset management applications, OmniClass, UniFormat and Uniclass are likely the 
most applicable classifications to be used due to the simplicity of breaking the building down 
into succinct systems. However, MasterFormat is most likely too detailed of a building 
classification structure to be used as a building inventory method for asset management. In the 
table above, examples are given in each building classification format for a steep slope roof 
surface. Because of the expansive detail of MasterFormat, to clearly portray the whole steep 
slope roof system in MasterFormat, there would be at least another dozen line items besides the 
strip shingle sample given. MasterFormat is most often used in very detailed bid packages and 
construction specifications due to the high level of detail and accuracy.  
 A comprehensive building inventory is traditionally then collected based on the 
appropriate building classification structure outlined above. A standard set of assessors might 
include an architect or civil engineer, mechanical engineer, and an electrical engineer (Bartels, 
2014). This set of three assessors is not a mandatory requirement but this combination of subject 




Figure 6. Typical Building Assessor Subject Matter Expertise 
The comprehensive inventory should be based on a discrete component lookup catalog which 
can provide additional attribute information and data which can provide a baseline set of metrics. 
Each component catalog item should have a baseline unit cost as well as an expected service life 
value.  
2.2.3.2 Condition Assessment 
 The outcome of a building condition assessment should provide feedback to stakeholders 
as to what requirements are or are not being met within the building. From the comprehensive 
inventory collected as described earlier, information should already be available for building 
components such as expected service life, year installed or renewed, quantity, and specific 
attributes specific to that component.  
Building components have wide ranges of life expectancy, depending upon the material, 
design, and construction practices, soil and environment, and occurrences by natural hazards 






















assessment process. If only basic inventory information is collected without performing a 
condition assessment, a basic model of the component solely based on the year installed or 
renewed along with the expected service life will be available to predict future failure. This 
future failure prediction metric is the remaining service life (RSL) which is simply the expected 
service life minus the age of the component.  This “age based” method of assessment does not 
factor in any variances based on maintenance, materials, design and construction, or other 
environmental factors. 
To account for these variances in remaining service life, a condition assessment method 
should be used to provide an accurate prediction of future condition states. There are many 
different levels of condition assessments and may be categorized as detailed in the following 
paragraphs. 
Preliminary Assessments: This type of assessment is a high level inspection which takes 
a surface level look into the building’s systems and components. This type of assessment could 
be performed by building occupants or other general facility management personnel. The results 
from this assessment may just be a tier one assessment to determine if a deeper look into the 
component inventory is required. 
Detailed Deficiency Assessments: These assessments are a deep dive into the 
comprehensive inventory collected. Detailed inspections are carried out for all the components 
and sometimes sub-components by similar disciplines mentioned earlier for the comprehensive 
inventory process such as architect/civil, mechanical and electrical subject matter experts. 
Assessors for this process will collect data such as predicting the remaining service life or 
predicting the cost needed for a repair or replacement. The data collected during this process 
could be subjective since the opinion of these metrics will vary from assessor to assessor. 
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Condition Index Based [Direct Rating] Assessments: The concept of this type of 
assessment is to provide a more non-subjective approach to the inspection process in which 
multiple assessors could, in theory, assess identical components and derive near identical 
resulting metrics. One type of condition index (CI) based assessment is the concept of a direct 
condition rating (Grussing, Michael N. & Marrano, 2007) in which clearly defined direct rating 
bands are denoted and described. For example, this could be a red, amber or green concept or an 
excellent, good, fair, poor concept. Each of these direct ratings have a detailed description about 
what those ratings describe so the assessor assigns a rating based on the rating description. 
Finally, each of the direct ratings correspond to a CI value that is typically between 0-100, where 
0 is absolute failure and 100 is brand new. 
Condition Index Based [Distress Survey] Assessments: This assessment is even more 
non-subjective because it requires an assessor to list specific distresses or deficiencies for sub-
components of the overall component. In addition to collecting distresses, the assessor also 
captures the density or quantity affected by each distress along with a possible severity or risk of 
those distresses. From that, deduct values are assigned to each of the distresses based on the 
severity and density and an overall resulting CI can be calculated for the components, which 
again result in a 0-100 CI metric for the component. There has been extensive research behind 
the assignment of the deduct values which can be used for these distress, severity and density 
combinations. This research was conducted using an expert panel’s judgement with a consistent 






2.2.3.3 Work Identification 
 Once a comprehensive inventory has been collected along with some varying level of a 
condition assessment, required work can be identified. Identifying work requirements is one of 
the main goals of building asset management planning (Halfawy, 2008). The algorithm, model or 
process to determine this work has varying degrees of complexity. Determining required work 
could simply be when a component reaches either a RSL less than or equal to zero (0) or a RSL 
less than or equal to some other maximum RSL standard. This basic approach would not factor 
in the equipment’s component type. 
A more subjective variation could be that when the assessor is performing inventory and 
assessment, a component could be flagged during that process by the assessor that work is 
required. The assessor may also add an estimated cost and an estimated timeline of when the 
component is in need of the specified work action.  
On the more complex side of the work identification spectrum, a more detailed algorithm 
might have a hierarchy of standards and policies which are applied to inventory and assessment 
information to develop a work plan. In this approach, many different standards or thresholds 
could be used for multiple attributes of the components. For example, a CI threshold might be set 
to determine whether a component is a work candidate. However, components in different 
systems might be set to different thresholds. For instance, because a roofing component may be 
more critical to a stakeholder than an interior construction component, these systems may have 
different threshold cutoffs for minimum condition indices. This concept of standards and policies 
could also be multi-tiered so many different attributes could factor into the threshold for work 
candidate generation.  Examples of some of these attributes are building system, component 
importance, facility use type, facility mission, and importance. 
31 
 
The types of work predicted during this phase could be categorized in a number of ways. 
The Office of the Secretary of Defense for Installations and Environment has laid out rules for 
categories as described below (OSD, 2018). 
Sustainment: Building sustainment involves the maintenance and repair activities 
necessary to keep an inventory of facilities in good working order, and includes regularly 
scheduled equipment adjustments and inspections, preventive maintenance tasks, and emergency 
response and service calls for minor repairs. It also includes major repairs or replacement of 
facility components that are expected to occur periodically throughout the life cycle of the 
facility. Examples of sustainment work for a building include regular roof replacement, 
refinishing of wall surfaces, repairing and replacement of building service systems (i.e. heating 
and cooling systems), replacing tile and carpeting, and similar types of work.  It does not include 
environmental compliance costs, facility leases, or other tasks associated with facilities 
operations. (OSD, 2018)  
Restoration: This category involves the restoration of overall buildings to such a 
condition that it may be used for its designated purpose.  Restoration includes repair or 
replacement work to restore facilities damaged by inadequate sustainment, excessive age, natural 
disaster, fire, accident, or other causes. (OSD, 2018)  
Modernization: Modernization includes the alteration or replacement of facilities solely 
to implement new or higher standards, to accommodate new functions, or to replace building 
components that typically last more than 50 years (such as the framework or foundation). The 
modernization category is also typically associated with renovation projects, but the focus is on 
meeting new user requirements and improved building technology, not necessarily on correcting 




 For government organizations and commercial enterprise organizations, the sum of all the 
work requirements generated could likely exceed the allocated budget to carry out work. In this 
case of a constrained budget, some sort of prioritization will need to be applied to the list of work 
which aligns with the organization’s mission and facility objectives for buildings. 
 One simple prioritization method is a subjective optimization where selection of work is 
defined by the assessor, facility manager, or other stakeholders. For example, while the assessor 
is going through the building performing the inventory and assessment, they could also assign 
priority scores to components based on a subjective importance observation. The facility 
manager could also prioritize work by common groupings which make the execution of work 
more manageable and seamless. For instance, the facility manager could lump a group of roofing 
related work actions together and carry out the work on one contract action. Other stakeholders 
could have an impact on prioritization of work based on high exposure assets as well.  
 A more objective approach to prioritization could be based on a multi-criteria 
optimization process where building attributes and other metric data help determine the priority 
of work activities (Lounis & Vanier, 2000). The development of this type of prioritization starts 
with the definition of the organization’s major objectives. Major objectives can be outlined with 
relative weightings assigned to those objectives and then sub-objectives and measures can be 
defined within those major objectives in a similar manner. The end state of this prioritization 
process could be a prioritization score of every work candidate.  This score could then be used to 
sort the list of work actions in descending order to work down to the constrained budget cutoff 




{MAJOR OBJECTIVE}: Asset Visibility (20%) 
[MEASURE]: Building Condition (100%) 
{MAJOR OBJECTIVE}: Risk Objective (35%) 
{SUB-OBJECTIVE}: Consequence of Failure (50%) 
[MEASURE]: Component Importance Index (100%) 
{SUB-OBJECTIVE}: Probability of Failure (50%) 
[MEASURE]: Condition Index (50%) 
[MEASURE]: Remaining Service Life (50%) 
{MAJOR OBJECTIVE}: Mission Dependency (35%) 
[MEASURE]: MDI (100%) 
{MAJOR OBJECTIVE}: Return on Investment Objective (10%) 
[MEASURE]: Return on Investment (100%) 
 
Therefore, in this example, the major objective weightings would total to 100% and sub-
objectives and measures likewise total to 100% within their parents in the hierarchy.  
2.2.3.5 Long Term Planning 
 Even with the most complex work identification and prioritization algorithms, there is 
still room for further long term optimization to provide the most cost effective, low risk resulting 
set of a work plan. By using a structured business process framework, and asset life cycle 
analysis, different investment decision scenarios can be explored, and consequences can be 









2.3 Literature Search 
Building asset management and building condition assessment is where my experience 
lies and would be considered my comfort zone. The intent of this literature search is to delve into 
asset management and condition assessment from the transportation industry’s perspective. My 
desire to search into the transportation asset management realm is due to the fact that much of 
the recent research in that field deals with “network” level asset management which is not a 
common practice for buildings due to the lack of networkability in that domain. Since the 
objective of my research is to use frequent pattern mining in order to develop a building network 
model, the next task in my literature search is dive deep into structured query language (SQL) 
frequent pattern mining techniques. There are many different algorithms for finding frequent 
itemsets in SQL frequent pattern mining so it’s important to find the algorithm that is the best fit 
for my research.  Conclusively, my literature search is focused on optimization techniques for the 
preservation of buildings and network level transportation assets. This will give the literary 
background to apply the developed network building model against new optimization techniques. 
2.3.1 Facility Asset Management for Transportation Assets 
Transportation Asset Management is a strategic and systematic process of operating, 
maintaining, upgrading, and expanding physical assets effectively throughout their lifecycle. The 
distinguishing feature of asset management, however, is its central focus on assets, their 
condition, and their performance (Federal Highway Administration, 2018). This general 
definition of transportation asset management is not all that different from building asset 
management. However, the methodology on how to gauge condition and performance is where 
the difference lies between buildings and transportation assets. 
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Maintenance, repair and rehabilitation projects from transportation assets can vary 
significantly from a cost and work action perspective. Furthermore, the effect on improvement of 
the condition after these treatments will also vary significantly (Abaza, 2007). Some 
transportation agencies allocate available budgets based on engineering judgement or experience, 
which can be a subjective process.  Because of this, it is necessary for larger transportation 
agencies to implement an effective decision support tool for transportation asset management 
(Wang, 2014).  
Transportation asset management systems have been researched and developed for 
decades through various “individual” asset management (Abaza, 2007; Chen et al., 1996; 
Elbehairy et al., 2009; Golabi et al., 1982; Lounis, 2005; Ravirala et al., 1996). This individual 
asset management approach performs optimization, condition prediction and work planning 
component by component or asset by asset and lacks the ability to approach these procedures 
from a network level approach (or cross asset). Due to the networkability characteristics of 
transportation assets, the individual asset management approach evolved into the research of 
using a network level or cross asset management approach. This network level approach factors 
in effects of the deterioration of assets or components on other assets and components and are 
not stove-piped in individual lanes (Boadi & Amekudzi, 2013; Dehghani, Giustozzi, Flintsch, & 
Crispino, 2013; Guerre, Robert, Bradbury, & Goodale, 2005; Ravirala & Grivas, 1995; Sadek, 
Kvasnak, & Segale, 2003; Šelih, Kne, Srdić, & Žura, 2008; Sinha & Fwa, 1988; Smadi, 2008; 
Zhang, Aki, & Hudson, 2002). 
For the individual transportation asset management approach, there are two main 
approaches adopted by researchers which are termed the macroscopic approach and the 
microscopic approach (Abaza, 2007; Abaza & Ashur, 2009).  
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The macroscopic approach determines the overall condition and work action plan by 
grouping assets into bins of condition categories prior to carrying out optimization or work 
planning calculations (Abaza, 2007; Chen et al., 1996; Dehghani et al., 2013; Golabi et al., 
1982). The macroscopic approach works well with large enterprise networks of transportation 
assets for long term work planning. However, the macroscopic approach is often only predictive 
and theoretical and therefore might not return the most optimal results based on this fact.  
The microscopic approach determines the condition and work candidate action plans for 
each individual asset or component. Optimization models and work planning calculations are 
performed on every individual unit and some sort of prioritization or hierarchy ranking system is 
then implemented (Augeri et al., 2010; Boadi & Amekudzi, 2013; Bonyuet, Garcia-Diaz, & 
Hicks, 2002; Fwa & Farhan, 2012; Li, 2009; Ravirala & Grivas, 1995; Šelih et al., 2008; Xiong, 
Shi, Tao, & Wang, 2012). Many different optimization approaches are the topic of the 
microscopic research approach in which accumulated deterioration of individual components 
affect the future deterioration of the same component. The computational requirements to 
perform all these individual calculations could potentially be quite high in comparison to the 
macroscopic approach. Furthermore, in only considering each individual asset or component 
without regard to other assets or components, this method may not provide the most optimal 
results. In an effort to provide more accurate results, additional calculations and algorithms 
might be carried out such as cost / benefit analysis and other various prioritization and ranking 
models (Boadi & Amekudzi, 2013; Fwa & Farhan, 2012; Guerre et al., 2005; Sadek et al., 2003). 
 Because both macroscopic and microscopic approaches have disadvantages, there has 
also been research in integrated approaches which consider both (Gharaibeh, Darter, & Uzarski, 
1999; Guerre et al., 2005; Sadek et al., 2003; Zhang et al., 2002). However, these approaches still 
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have limitations such as (1) Models still not attaining optimal solutions due to individual basis, 
(2) implementation not practical due to lack of structure and flexibility, and (3) final resulting 
work action plan is not coordinated with adjacent assets or components (Wang, 2014).  
2.3.2 Network Level Transportation Preservation Strategies 
Because this research is focused on using transportation “network” level optimization 
strategies in a building model, a large focus of the literature search was investigating the network 
level preservation strategies that are being used in the transportation industry. When referring to 
a transportation network in this research, the definition is assumed to be a highway network 
consisting of bridges and connecting roads. This network is assumed to have an origin and 
destination that can be traveled through different routes in series and / or parallel. This network 
concept is critical in transportation maintenance planning to ensure there is always a route from 
the origin to the destination. Although the concept of a transportation network is not a perfect 
alignment of the proposed building network development, it is still relevant and important to 
carry out a literature review based on transportation networks to cull any information or research 
which is specific to this effort.  
De La Garza (2010) developed a network level linear programming optimization for 
pavement management systems, which can compute the optimal amount of investment for each 
pavement type in a given funding period (De La Garza, J M, Akyildiz, Bish, & Krueger, 2010). 
The evaluation of the road network in this study is limited to a pavement only network quantified 
in lane-miles. Although the network used here is not a cross-asset type network, the prediction 
model holds some relevant concepts. 
Gao and Zhang (2013) developed a network approach which utilizes the spatial structure 
of the road network (Gao & Zhang, 2013). The road network is partitioned into groups of 
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adjacent sections and the resources are optimally allocated based on this spatial network. This 
spatial network shows that in real world cases, adjacent pavement sections are likely to exhibit 
similar condition states of deterioration. This method could allow the transportation industry to 
identify work candidates with interconnected or spatially networked sections in order to 
optimally allocate funding in these criticality hubs or spaces. 
Elbehairy et al. (2009) presented a development of a comprehensive bridge management 
system that optimized repair decisions considering multiple bridge elements of large networks of 
bridges (Elbehairy et al., 2009). In this process, a project level optimization scheme analyzes the 
elements of the bridge and performs a predictive analysis to determine the most cost-effective 
repairs for each bridge for each year of the analysis. This project level analysis is then put in to 
the network level analysis which is an optimization model to determine the best year to repair 
each bridge so that the network level condition is maximized. Although the network scheme 
presented is not a direct format match to the building network this research is proposing, there 
are aspects of Elbehairy’s literature that can be adapted in the building network research.  
Posavljak et al. (2013) presented what they termed a strategic total highway asset 
management integration (STHAMi). STHAMi is a combination of bridge networks and 
pavement networks to optimize overall preservation projects for the whole set of assets. A key 
point of STHAMi is the conceptual structural integration factor. Integration of a bridge condition 
index into a pavement performance index in STHAMi allows for the treatment of bridges as 
equivalent pavement sections. The application of mutually inclusive highway asset planning 
through the integration of the bridge sub-asset into the pavement sub-asset has the potential to 
significantly increase long-term planning reliability (Posavljak, Tighe, & Godin, 2013). 
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Medury (2013) proposed an approximated dynamic programming (ADP) modeling 
framework for Markov decision process (MDP) based problems for transportation networks 
(Medury & Madanat, 2013). Medury showed that the ADP process is more relevant for modeling 
problems involving complex inter-transportation asset dynamics. Furthermore, the network type 
used by Medury is similar in nature to how the vision for the creation of building network as in 
this dissertation’s research. A few basic examples of the origin to destination networks described 
by Medury are shown in Figure 7. 
 
Figure 7. Different Types of Network Configurations 
Medury (2013) explains that network dynamics can be modeled within the system-level 
infrastructure management and these computations require the knowledge of the effective 
capacities on each link on the network (Medury & Madanat, 2013). To equate this to the 
development of a building network of systems and components, each component requires the 
knowledge of the effective deterioration of other components.  Medury (2013) provided an 
example similar to Figure 8. In this example, there are 11 road segments and 10 nodes 
connecting an origin to a destination. Each of these links have a resulting network capacity along 
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with a max capacity in the absence of a modernization, repair or replacement (MR&R) activity. 
These segments and nodes along with corresponding attributes and metrics are factored in and 
applied to the ADP methodology which ultimately provides an optimization model for 
prioritizing MR&R work actions. This prioritization is not only based on the condition state of 
individual components, but also the condition state of inter-related components based on the 
network. 
 
Figure 8. Network Representation 
 Medury (2013) summarizes the research findings by stating the ADP methodology 
provided more accurate results for budget constrained funding scenarios as opposed to a 
simultaneous network optimization (SNO). The SNO framework makes a stronger contribution 
for single and multi-dimensional MDP approaches where budgets are less restricted (Medury & 
Madanat, 2013).  
Hu (2014) presented a reliability-based optimization for maintenance management in 
bridge networks. Hu stated bridges needed to be analyzed together due to the interdependencies 
among the network of the bridges. The objective of Hu’s research was to ensure an adequate 
level of network connectivity at the lowest possible life-cycle maintenance cost (Hu, 2014). Hu’s 
literature review concluded that most bridge management problems are performed at the 
component and system levels without accounting for the overall network performance, which is a 
similar conclusion for this dissertation but pertaining to the building networks. The origin / 
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destination (O/D) pair network analysis is beneficial to note and understand. However, Hu 
(2014) focused much of the research on retaining network reliability in the optimization 
techniques as opposed to a network scheme where accumulated deterioration of components 
affects the deterioration of other components in the network.  
In summary for this literature review topic of network level transportation preservation 
strategies, the Medury (2013) research may prove to be the most promising model to use for a 
case study after the frequent itemset algorithms are performed to develop the building network 
model of systems as part of this dissertation.  
2.3.3 Development of a Building Network of Components  
The previous sections of this literature review have focused on current practices for 
building sustainment management and condition prediction, transportation management systems 
and optimization strategies, and transportation network level strategies. One of the goals of this 
research is to develop a building component network in order to be able to apply network-level 
transportation optimizations to a set of buildings. This section of literature review researches 
what efforts have been done to date in creating a building network of inter-related components. 
One existing research strategy by Wong and Li (2008) pertaining to a building network of 
components uses a survey and an analytic hierarchy process (AHP) for a selection of intelligent 
building systems (Wong & Li, 2008). Specifically, the efforts from this study will assist a 
decision maker to form a particular combination of building components to suit the needs of an 
intelligent building project. The findings of this study are not directly related to developing an 
inter-related network of components which have an effect on other components, but rather this 
study is more of a crosswalk between building systems (i.e. HVAC, façade, security) with 
selection criteria (i.e. indoor air quality, reliability, compatibility). Therefore, this building 
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network development is not a connection of relationships between the components. However, the 
process of using a survey and the AHP was of interest as a potential method for the development 
of the building network of components for this study.  
Another study related to developing a building network of components was performed by 
Geyer (2009). This study focused on the multidisciplinary design optimization (MDO) for design 
practice. The study optimizes the relationship between qualities of aesthetics, expression, and 
building function during the design process (Geyer, 2009). The study applied an optimization of 
performance based on resource consumption and preference criteria. The conclusion of this study 
showed promising results to be used as a tool in the process of building design which enables the 
designer to reach a trade-off between the quantitative and qualitative objectives and to provide 
knowledge about the design space as a means of decision support. This study does not have a 
direct tie in or resource to be used in this dissertation. However, Geyer’s research does provide a 
background for potential future integration of qualitative, functionality or aesthetic aspects to the 
concept of a building network of component model.  
Based on a literature review, building sustainment management problems are performed 
at the system and component levels without accounting for the overall connectivity and non-
direct relationships between components. Lack of literature concerning the effect of deterioration 
of certain components on the deterioration of other components provides a sound basis for this 







2.3.4 Structured Query Language (SQL) Association Rule Mining Techniques 
Data mining can be used in building component condition data to find unexpected 
relationships and frequent itemset patterns.  These frequent patterns of building component 
assessments from past condition assessment data, such as a baseline condition survey, could 
potentially be used to quickly assess components for a re-inspection. For example, if an exterior 
wall was associated with an exterior window by a frequent pattern association based on the 
respective condition ratings, then whatever rating the exterior wall was given on a re-inspection 
the exterior window would adopt that same rating, or vice versa. This methodology would only 
be the most basic form of what the potential could be.   
Through frequent pattern or association rule mining techniques on large database sets of 
building condition assessment data, dynamic networks of building components can be derived. 
The component networks will reveal criticality factors and connections based on the effect of 
respective condition states on other components, even outside of parent systems.  These second 
order interactions between components can be used to optimize savings and mitigate overall risk 
for building investment strategies. By determining what components in building have the most 
influence on the condition of other components based on the networked node, many building 
asset management decisions could be impacted. For instance, if budgets are severely constrained 
then inspections might only be carried out on component nodes that have the highest probability 
of affecting the condition of other components based on this research. Likewise, limiting funding 
for maintenance, repair and rehabilitation (MR&R) actions to these critical component nodes is 
also a possible application. 
A literature search was conducted to determine the most recent tools and approaches 
currently available or being developed to determine frequent patterns for condition ratings of 
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building components.  In reference to general frequent pattern data mining, there is extensive 
research as well as established methods and procedures for association mining of data.  The most 
prevalent association data mining procedures according to current university textbooks (Han & 
Kamber, 2001) on data mining are:  
• Apriori Algorithm (Agrawal & Srikant, 1994).  Based on the literature search, this 
methodology is the best-known algorithm to mine association rules.  A “breadth” first 
search strategy to count the support of itemsets and then uses a candidate generation 
function.  
• Eclat Algorithm (Zaki, 2000).  This algorithm is a depth-first search algorithm using 
set intersection. 
• OPUS Search (Webb, 1995).  This is an algorithm for rule discovery that does not 
require constraints such as minimum support.   
• FP Growth Algorithm (Han, J., Pei, & Yin, 2000).  This is a depth first approach 
which avoids explicit candidate generation.  The FP Growth algorithm grows long 
patterns from short ones using local frequent items only. 
The data mining algorithms listed above use a dataset as their basis of data.  A dataset is a 
collection of data which is usually presented in tabular form.  Data mining of Structured Query 
Language (SQL) databases is not as widespread of a technique as the dataset-based methods and 
is often referred to as knowledge discovery in databases (KDD).   However, there are several 
approaches for mining a SQL database structure based on the above noted dataset algorithms 
(Alves & Belo, 2005; Shang, 2005; Sidlo & Lukacs, 2000; Xuequn, Kai-Uwe, & Ingolf, 2000).   
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Shang (2005) has researched a very thorough approach to data mining on large relational 
databases and has provided extensive details in a Ph.D. dissertation (Shang, 2005) which will be 
summarized in the following text.  Generally, an association rule is an implication shown as 
𝑋𝑋 ⇒ 𝑌𝑌 
where X and Y are disjunct sets of items – X being the antecedent and Y being the consequent. If 
DB is a transactional database and each transaction is T, then 𝑇𝑇 ∈ 𝐷𝐷𝐷𝐷 is a set of items. Therefore, 
the association rule, 𝑋𝑋 ⇒ 𝑌𝑌, basically states “whenever a transaction T contains X then the 
transaction T also contains Y with a probability conf.” The probability, conf, is a confidence rule 
and is further supplemented by another rule called support.  The support, supp, is the number of 
transactions that contain all items in the antecedent and consequent parts of the association rule.  
The supp is sometimes expressed as a percentage of the total number of records in the database 
as well. The confidence, conf, is the ratio of the number of transactions that contain all items in 
the consequent as well as the antecedent to the number of transactions that contain all items in 
the antecedent (Shang, 2005).  
Example:  Suppose association mining was carried out on supermarket data. Association rule 
mining searches the database and an association rule “bread ⇒ milk (supp = 2%, conf = 80%)” 
states that 2% of all transactions under analysis in the database show that bread and milk are 
purchased together and 80% of customers who bought bread also bought milk. 
In a literature search specifically for determining frequent patterns or association of like 
data of building component conditions through a data mining technique, no directly related 
literature was found. Building Information Models (BIM) can show the interaction of 
components via connections, assemblies and systems.  These models can paint the picture of all 
the “physical” connections or interactions within a facility.  For example, the roof superstructure 
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is physically connected to the roofing surface.  Therefore, a direct connection association can be 
made via the BIM.  However, this analysis will not show the unexpected and frequent 
associations that might be discovered in a frequent pattern mining process.  Furthermore, the 
condition of these physically connected components may not be directly related.  For example, a 
piece of HVAC equipment that is physically connected to floor structure in a mechanical room 
which has a “physical” relationship does not necessarily have a “condition” relationship to each 
other. Conversely, the HVAC equipment condition could have a long-term impact on an interior 
wall to which it is not physically connected.  
2.3.5 Preservation of Buildings and Building Components 
The cost of preserving infrastructure in terms of major repairs and renovations totals 
approximately 20 to 40 percent the cost of total new construction in the United States, which 
costs approximately $120 billion annually (Uddin et al., 2013). At that significant of a cost, even 
the slightest misappropriation or miscalculation in condition could cost millions. According to 
the American Society of Civil Engineers (ASCE) 2017 Infrastructure Report Card, America’s 
infrastructure scores a “D+” (ASCE, 2017) . This infrastructure score correlates to a total ten 
year need of $4.59 trillion from 2016-2025 of which $2.53 trillion is estimated to be funded, 
leaving a funding gap of $2.06 trillion (Economic Development Research Group, 2016).  
A Maintenance, Rehabilitation, and Reconstruction (MR&R) policy could be considered 
to be condition-responsive if the policy is based on thresholds of performance indicators which 
trigger work actions - renovation, replacement, or repair activities (Uddin et al., 2013). The 
performance indicators for this policy could be items such as frequency of breaks, leakage 
amounts, and other component distresses. Although this policy is traditionally only considered in 
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individual component prediction models, the concept could be used in how distresses of one 
component has an accumulated deterioration effect on another.  
After triggering and predicting work actions with a policy such as a condition-responsive 
approach, work will then need to be prioritized for constrained MR&R budget considerations. 
Prioritization techniques range from simple model approaches to multifactor optimization 
approaches. For hierarchical prioritization, the following approaches are used – (1) Optimization 
models based on operations research turned into an algorithm or calculation, (2) Heuristic or near 
optimization based on weighted metric measures, (3) Business case approaches prepared by asset 
managers where assets are grouped by certain attributes, and (4) Arbitrary or best judgement 
approaches (Uddin et al., 2013). Prioritization can be a complex piece to enterprise asset 
management and often multiple approaches must be implemented. In order to optimize the right 
mix of MR&R actions at the appropriate time, all possible combinations should be investigated 
as part of the prioritization process. 
2.3.6 Frequent Pattern Analysis in other Industry 
Due to the vast use of association rule mining and frequent pattern analysis in industries 
outside of facility condition assessment, a review of how these techniques are used in the 
manufacturing, aircraft maintenance, and medical industry was carried out. These industries were 
selected in hopes of acquiring knowledge of lessons learned, information about best practices, 
and lateral thinking generated by the broad variance of how these industries use the data.  
One common use of frequent pattern data mining in the manufacturing industry is 
autonomously mining alarm correlation patterns in manufacturing systems. As manufacturing 
systems increase in scale and complexity, solely relying on human operators for alarm 
troubleshooting and root cause analysis is no longer feasible. One study mined historical alarm 
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logs for correlations providing insight into causal relationships (Chen, Y. & Lee, 2011) . Other 
related studies, which aid in the alarm mining process, are more focused on the management of 
the alarm systems and diagnostic systems. These studies are focused on the methods and systems 
(Gardner & Harle, 1996) or research and development of better computerized systems for online 
management and diagnostics (Kim, 1994). The results of all these alarm correlation studies could 
assist in needed alterations of alarm management and ultimately improve the systems.  
Another common use of frequent pattern data mining in the manufacturing industry is 
related to fault detection and diagnosis (FDD). FDD mining is much more specific and 
specialized to equipment faults, whereas alarms are a much more general application of data 
mining methodologies. The use of FDD sensors and systems is becoming a much more common 
part of not only the manufacturing industry, but also commercial equipment such as HVAC 
systems. The FDD sensors and systems may be taking meter readings hourly, minutely, 
secondly, or even more frequently. The cost to take this many readings is low, but the immense 
amount and complexity of the data poses several challenges for a traditional data analysis 
approach. One study performed a cluster analysis data mining operation on such data in order to 
identify distinct operating patterns at many locations. Each pattern identifies association rules 
which can then be adopted in the FDD systems to predict failures, inefficiencies, and potential 
alarms (Xue et al., 2017).  
 Many data mining and frequent pattern analysis studies have been performed for the 
aircraft industry, specifically for data relating to aircraft maintenance. Predicting potential 
failures and problems for aircraft is extremely critical and lends itself to much desired research 
and analysis. Beginning in the 1950s, the analysis of enhancing the reliability of aircraft as well 
as reduction in maintenance costs has been researched. The result of this research was the 
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proposal of the Aircraft Health Management (AHM). One earlier study used association rule 
mining to attempt to discover what different maintenance measures were carried out on the same 
fault occurrences (Baohui, Yuxin, & Zheng-qing, 2011). Another data mining study proposed an 
algorithm for fault detection in terms of an aircraft condition-based maintenance dataset specific 
to turbofan engine using existing flight data (Gharoun, Keramati, Nasiri, & Azadeh, 2019). This 
study showed that the faults occurring in a given flight were detected based on the identification 
of events discovered in the data mining model which was trained by residual dataset. The data 
mining research indicated to be an effective approach for inspecting the condition of aircraft 
engines. Another fault analysis and prediction study for aircraft used an association rule mining 
algorithm in addition to a Weibull distribution model (Ren, Liu, Wang, Chen, & Liu, 2019). The 
association rules in this study were found between equipment faults at both low and high 
supports (frequency of association). Then, the first failure occurrence with a high support is 
established as the base to the Weibull distribution. A reliability analysis model is then obtained 
from this association rule data mining approach.  
 A literature search on “data mining in health care” renders millions of results with studies 
such as discovering localized frequent diseases, prediction of diseases by varying factors, 
hereditary syndrome predictions, and predicted birth outcomes just to name a few. There are 
dozens of data mining techniques available, and most, if not all of these techniques have been 
used in the medical field. Therefore, this literature review was focused on the Apriori, 
FPGrowth, and Association Rule Mining since these techniques are most relevant to the research 
of this dissertation. A recent survey was compiled detailing a comprehensive list of data mining 
techniques used in medical data which predict diseases such as cancer, diabetes, HIV, and 
dermatology related conditions (Sohail, Jiadong, Uba, & Irshad, 2019). One study focused on 
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what data mining issues were obstructing progress in the research field of improving birth and 
health outcomes (Goodwin et al., 1997). This study outlined a list of problems including data 
quality, data redundancy, data inconsistency, repeated measures, missing data, and data volume. 
The “health” of a facility has a data mining correlation to the health care industry in regard to 
applicable techniques. Other medical data mining studies reviewed were focused on association 
rule mining techniques (Evans, Lemon, Deters, Fusaro, & Lynch, 1997; Han, Jiawei, Pei, Yin, & 
Mao, 2004; Ilayaraja & Meyyappan, 2013; Kacprzyk, Cios, & Cios Krzysztof, 2001; Kamal, 




CHAPTER 3 – DATA SOURCE, OVERVIEW AND DETAILS 
 
3.1 Introduction 
Over the last quarter century, the Construction Engineering and Research Laboratory 
(CERL), part of the Engineer Research and Development Center (ERDC) has been on the cutting 
edge of infrastructure asset lifecycle management research. Beginning with the knowledge 
gained from innovative pavement management practices, an objective, repeatable, and cost‐
effective process has been developed and subsequently expanded into many other facility asset 
classes. Collectively known as Sustainment Management Systems (SMS), today there are SMS‐
based tools for pavement (PAVER), railroad (RAILER), roofing (ROOFER), buildings 
(BUILDER) (USACE-CERL, 2018), wharves (WHARFER), and several utility products 
(WPIPER, GPIPER, HEATER, etc…). While each type of asset has unique management 
characteristics and requirements, the development of an objective, repeatable metric for 
determining the condition is central to the SMS philosophy. Every CERL SMS has followed the 
same technique to develop a repeatable Condition Index (CI) measure that is scientifically based. 
Large customers including the U.S. Army, U.S. Air Force, U.S. Marine Corps, U.S. Navy, 
Defense Logistics Agency, FAA, Wal‐Mart, and many others have used the information 
produced by these systems to improve capital funding decisions, maximize return on 
infrastructure investment, and establish financial accountability. An in‐depth knowledge of SMS 
development and its history is not necessary for facility managers to realize the benefits of the 
SMS process to dramatically improve management practices and target performance and mission 
focused objectives. However, a fundamental understanding of the Condition Index metric, 
including its developmental assumptions and underlying data is helpful for decision makers 
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when differentiating the science of the CERL SMS approach with other management 
methodologies. 
3.1.1 USACE – CERL Sustainment Management System (SMS) 
One definition of SMS is the systematic use of engineering technology to determine 
when, where, and how to best maintain facilities or their components. This broad definition 
describes the claimed intent of many asset management initiatives, but not the methodology to 
follow. Key to the CERL SMS concept is the structured techniques, procedures, and processes 
necessary for effective maintenance management. Included in this concept is the fundamental 
need for facility or component condition assessment information that supports the infrastructure 
investment decision making process. While SMS’s are expert systems, they do not provide a 
definitive “answer”. Instead, a SMS is a scientifically based method that provides timely and 
accurate information to enable sound business decisions in support of facility operations (Bartels, 
2014).  
Figure 9 shows a generalized deterioration curve for what could be a pavement, a roof 




Figure 9. Typical SMS Lifecycle Curve 
As time passes, quality or condition decreases due to friction, wear, UV exposure, fatigue, 
freeze‐thaw cycles, and many other degradation mechanisms. For some asset types, these 
“distress” mechanisms interact and compound, accelerating condition deterioration over time. 
Eventually, this condition deterioration directly affects the performance of day‐to‐day facility 
operations. If performance drops below the threshold level, recapitalization, restoration, or repair 
becomes necessary. The cost of these actions increase substantially as condition further degrades, 
and if work is not performed, premature failure may result in unrealized asset service life. Thus, 
a real penalty cost in terms of dollars exists for deferring work past a certain condition (Bartels, 
2014). 
 If the lifecycle deterioration curve in Figure 9 could be sufficiently established for any 
specific asset or component of an infrastructure, facility managers could easily determine 
condition at any point in time. They could then make the prudent decisions regarding when to do 
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work (Bartels, 2014). However, it is inconceivable to think that a single curve exists to 
adequately express the lifecycle condition for a facility class or individual asset, because 
condition depends on unique localized factors, including climate, operational use, and levels of 
routine maintenance and corrective repairs. Therefore, depending on the course of M&R actions 
over a lifecycle, in addition to several other unpredictable events, the current and future 
condition states can be altered unexpectedly at any time. The result is that no single deterioration 
curve can be applied to a given asset with near 100% confidence at the start of its lifecycle. In 
fact, the true deterioration trajectory differs among individual pavement sections, roof sections, 
or building components of varying types. The CERL developed SMS strives to establish the 
accuracy and confidence of any lifecycle deterioration curve through a standardized condition 
assessment methodology ‐ the Condition Index approach and the resulting Condition Index 
metric (Bartels, 2014).  
As the foundation to any management processes, metrics must be objective, repeatable, 
and most importantly, affordable within the business operating environment. The Condition 
Index process was designed to model the summary experience of the diverse yet knowledgeable 










3.1.2 Measuring Condition or Condition State of Components 
The concept of condition is not easily quantifiable the way explicit physical properties 
such as force, mass, and velocity are measured. In order to measure condition, a scale is defined 
that correlates to varying degrees of qualitative condition descriptors, as shown in Figure 10. 
 
Figure 10. Description of SMS Condition Ratings 
The science and considerable research in the CI approach are creating the link from the physical 
observations that can be made during an inspection process to the condition scale. These 
observations are termed “distresses” (USACE-CERL, 2007). A distress is an observable defect 
which adversely affects condition and can indicate potential failure modes for an asset. A finite 
list of distresses exists for each facility class. For the pavement domain, as an example, distresses 
include cracking, potholes, rutting, and others. Each distress has a specific definition and visual 
cues that must exist. In addition, each distress has one of more levels of severity, which indicates 
how it affects an asset’s operational, mission, and life safety capabilities. Figure 11 provides an 




Figure 11. Example Distress Definition 
During a SMS condition assessment process, a trained building technician records the 
presence of all observable distresses present for an asset. That technician also indicates the 
severity and measures the amount of each distress. For each distress of a certain severity and 
quantity, a deduct value is applied. That deduct value directly relates the observed discrepancy to 
quantitative reduction in Condition Index. As an asset ages and deteriorates, its distresses 
accumulate, the severity and quantities increase, and the total Condition Index measure falls 
accordingly.  
For this process to work, an extensive collection of deduct values must exist for each 
distress. The distresses and the associated deduct values are domain specific, i.e. a unique set 
applies for pavement, track, buildings, wharves, etc. A panel of subject matter experts was 
assembled including facility managers, engineers, inspectors, maintainers, and technicians to 
develop the deduct sets. During extensive surveys, each panel expert was presented with 
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combinations of a distress, severity, and affected density, and then asked to provide a rating 
between 0 and 100 based on the condition descriptors associated with the CI scale. Plotting the 
survey results of deduct values versus density, a graph similar to Figure 12 was obtained for each 
distress severity. These graphs are the deduct curves that form the foundation for the CERL SMS 
Condition Index models. By sampling a large enough pool of experts, CERL was able to 
guarantee statistical agreement for each distress rating to a 95% confidence interval. 
 
Figure 12. SMS Condition Index (CI) Deduct Curve Sample 
Technicians trained in the distress‐based condition assessment process can expect a 
repeatable Condition Index value that reproduces the expert panel’s judgment within ±5%. The 
technicians are not asked to make subjective calls on the nature or urgency of a corrective repair, 
only to identify and record explicitly defined distress observations. This reduces the required 






3.1.3 The Condition Index Role in Lifecycle Management 
The Condition Index metric is a reliable gauge of an asset’s local condition at a precise 
point in time. It can be used to compare expected conditions from an assumed lifecycle curve to 
the actual measured conditions. This initial lifecycle curve is adjusted using Condition Index data 
as shown in Figure 13, defining a true, locally calibrated lifecycle condition prediction trend for 
each asset. 
 
Figure 13. Adjusted SMS Lifecycle Prediction Curve After Inspections 
Local observations and historically measured condition degradation drive the lifecycle 
condition model, not an ad‐hoc aggregated industry estimate of service life that other 
management systems and models employ. Future condition and remaining service life is more 
accurately projected using the quantitative Condition Index as a basis for lifecycle condition 
modeling. 
Fundamental to any successful facility infrastructure investment strategy are the 
objectives to 1) minimize lifecycle ownership costs, 2) maximize facility performance, and 3) 
manage risk. The CERL SMS methodology described above provides the decision support to 
help facility managers achieve these objectives. As an industry accepted standard (ASTM D 
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5340) (ASTM, 2013), the distress‐based condition assessment process and resulting Condition 
Index metric provide accurate information about condition state, condition prediction trends, and 
remaining service life that are objective, consistent, and meaningful. The Condition Index 
measure establishes the foundation for risk‐based performance standards, component reliability 
projections, and best cost lifecycle repair and renewal. The SMS process presents a rational and 
streamlined approach to work generation, work estimation, financial analysis computation, and 
prioritization. The SMS tools provide a scalable, enterprise‐wide solution to achieve 
organizational missions, goals, and performance benchmarks for facilities.  
3.2 SMS BUILDER Data Source 
Because of the rigor and standardization involved in the Condition Index process, 
businesses and government have placed their faith in the SMS approach and chosen the CERL 
products as an enterprise approach to building management.  Specifically, the Department of 
Defense (DoD) uses the SMS products as their enterprise approach to asset management systems 
and has mandated the use of USACE-CERL SMS products (DoD, 2013). Due to this 
memorandum of record issued by the DoD, there will ultimately be approximately 2.2B square 
feet of building data in the SMS BUILDER platform (DoD, 2017). The research possibilities of 









3.2.1 SMS BUILDER SQL Database Schema 
The data used for this project is from a Microsoft SQL Server database.  The core set of 
data to be analyzed is from a series of relational tables which store Facility, Component and 
Condition Assessment information.  The following tables were used in the analysis: 
Organization: This table houses one record for each distinct site or organization. 
Organization_Facilities: This is a many to many table that links the Organization table 
to the Facility table. 
Facility: This table records facility/building information.  The Facility_ID was used from 
this table as a type of transaction ID (TID) to group the components for analysis. 
Building_System: A parent to the System Component (Level 2 Group Element) 
System_Component: This level of data is a parent to the Component Section.  The 
System_Component is the actual ASTM Uniformat Level 3 Component that will be 
mined for frequent itemsets (Level 3 Individual Element) 
Component_Section: A Component Section is a physical component that is part of the 
physical inventory 
Inspection_Data: contains the inspection data and condition rating assigned from a hands 
on conditional assessment of a Component Section 
RO_CMC: this is a read only table containing information about a distinct set of 
component sections. The records in this table represent a distinct list of catalog inventory 
items. 
RO_System:  This is a read only table containing information about a distinct set of 
systems.  This table contains the system attributes for the Building_System. 
RO_Component: this is a read only table containing information about a distinct set of 
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components (Level 3 Individual Elements).  This table contains the component attributes 
for the System_Component table. 
RO_Material_Category:  This is a read only table containing information about a distinct 
set of material or equipment categories (i.e. Wood, metal, etc.). 
RO_Component_Type:  This is a read only table containing information about a distinct 
set of section specifications (i.e.  capacity of a certain HVAC piece of equipment)   
RO_CIRating:  This read only table contains relationships between a condition index 
score and a Green, Amber, or Red condition rating.  The condition rating in the 
Inspection_Data table holds a condition index which needs to be converted to a Green, 
Amber, or Red rating.  The condition index ranges are as follows: 
Green:  Condition Index range of 100 to 86 
Amber:  Condition Index range of 85 to 56 
Red:   Condition Index range of 55 to 0 
 




Figure 15. SMS BUILDER Relational Schema Shown with Example Data Points 
Figure 14 and 15 show the relationship schema of the SQL tables that were used in this 
study to determine frequent patterns.  In addition, Figure 15 provides an overlay of examples of 
the kind of data one would expect to find in the respective tables. 
3.2.2 SMS BUILDER Record Counts and Research Selection Criteria 
There are over two dozen military services and agencies which currently have data in the 
SMS BUILDER database. For this research study, the database for the United States Air Force 
(USAF) is utilized. The USAF BUILDER database is by far the largest in size to date as of 
February 2020. Furthermore, there have been approximately twelve Architectural / Engineer 
(A/E) firms which have performed BUILDER assessments for the USAF. This variability of A/E 
contractors gives this study a diverse inspection range as opposed to a smaller instance of 
BUILDER where there might have only been one A/E contractor performing inspections. This 
latter situation could provide biased results based on the subjectivity of that specific set of 
inspectors. Whereas, having many different A/E contractors with unique characteristics in their 
inspection standard operating procedures will deliver balanced inspection results. Having said 
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that, the statement of work which the USAF holds all the A/E contracting firms accountable to, 
lays out a strict standard operating procedure and clear set of business rules for the A/E 
contractors to follow. Therefore, in theory, all contractors perform building assessments to 
similar standards and non-subjectivity.   
Table 5. Unfiltered USAF BUILDER Database Record Counts 




Square Footage 812.7M 
Plant Replacement Value $229B 
Unique Catalog Components (CMC) 3,301 
 
The frequent association itemsets which will be described in further detail in the 
Methodology chapter will be based on a Component / Material Category / Component Type 
(CMC) number.  All inventory items and corresponding inspection records in the SMS 
BUILDER database are assigned to a CMC number which is a distinct inventory catalog item or 
also referred to as an inventory lookup catalog number.  In the USAF instance of BUILDER, 
there are 3,301 unique CMC (or inventory catalog) items. Therefore, each of the 2,265,208 
component inventory records contain a CMC attribute which indicates what distinct inventory 
catalog item that inspection record belongs to. A few abbreviated sample records from the CMC 
inventory catalog (RO_CMC table) can be seen in Table 6. 
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Table 6. SMS BUILDER CMC Catalog Excerpt 
CMC_ID Component Material Category Component Type 
30189 C1020 Interior Doors 
C102005 Interior 
Overhead Doors Metal 
20162 D1030 Escalators and Moving Walks D103001 Escalators 15’ height, 48” width 
20246 D2020 Domestic Water Distribution 
D202003 Domestic Water 
Equipment 
Water Heaters, Commercial, 
Oil – 397 gal, 1750 MBH 
input, 1682 GPH 
21357 A1020 Special Foundations A102001 Pile Foundations CIP Concrete 
 
The CMC is important to describe in detail because when association rules are mined in this 
research, the associations will be by CMC IDs (i.e. 40454 ⇒ 42340 would indicate an 
antecedent / consequent frequent association between those two unique catalog items).  
3.2.3 SMS BUILDER SQL Data Pre-Processing 
From the available raw data, the following SQL view/query was created to generate a 
pre-processed schema to be used in the frequent itemset analysis.  The purpose of this pre-
processing query is to join all the necessary relational tables and output the data in just what is 
needed to perform the association mining. Furthermore, by creating this data excerpt view, the 
data is also being sanitized for security reasons.  This final pre-processed dataset contains no 
sensitive or classified data and can viewed in a public forum. The result of this query provides 
unique records for all the distinct components within a facility with their corresponding 
condition rating.  The “FacilityID” acts as a transaction identification (TID).  The TID is the 
unique object in which we want to find frequent pattern associations.  For example, within the 
same building (same TID), we will end up with several distinct components with distinct 
condition ratings and deterioration metrics.  After this data pre-processing, we can then start to 
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mine this query for associative frequent patterns within buildings. An abbreviated sample set of 
the output of this query can be seen in Table 7 (complete results consist of 2,265,208 records). 
Although SMS BUILDER data is being used for this study, it is important to note that the 
methodology is agnostic of any specific application or product. If any other building condition 
assessment or inspection database could be queried in a similar pre-processed result, then all 
methodology remains the same process regardless of the source. 
Throughout this dissertation, there will be much SQL code referenced for various queries, 
stored procedures, and other SQL statements. The full code for all these references will be 
available in the appendix of this dissertation. However, in order for a wider audience 
understanding of what the code’s purpose is, a pseudocode translation will be used. The 
pseudocode for the pre-cleaning stage of pulling the raw dataset together is described as: 
1. SELECT the following columns:  FacilityID, Facility Analysis Category, CMC, Remaining 
Service Life, Design Life 
2. FROM the following inner joined tables: Component_Section, Inspection_Data, 
System_Component, Building_System, Facility, RO_Usetype, RO_CMC, RO_Component 
3. WHERE the inspection is a physical inspection by an assessor AND the inspection condition 
is not blank. This where clause is needed because the SMS BUILDER application generates 
inspection points that are not from actual inspections such as setting the initial condition of a 
new inventory component to 100.  
4. AND WHERE the organization is filtered to the Active Air Force only. There are other 
organizations in the USAF database such as Air Force Reserve, Air Force National Guard, 
and Air Force Military Family Housing. Due to the variability of the scopes of these 
implementations, it was decided to filter to only the Active Air Force component to ensure 
assessment consistency. 
Again, the full results of this query produce 2,265,208 records. Table 7 is a short excerpt of five 




Table 7. Sample Excerpt of Records from SQL Pre-Cleaning Query 
Facility_ID SEC_ID FAC CMC Actual 









4221 21410 46 57.11041 100 The internal gutters can not keep up with 
the volume of water coming off the roof. 
They need to be caped off and replaced 










2181 21410 15 27.99796 35 There was a small holes seen in the roof. 
This is located right by the roof ladder on 
the north side of Bay B. Facility manager 










2162 21410 24 32.12268 50 The 2010 MACTEC roofing report stated 
that the roof sealant hardened and 
cracked, uses incorrect flashing material, 
and ponding occurs due to depressed 
areas in the roof. CE has confirmed these 
issues, but reports that there are no leaks 
at the roof. 
 
The FacilityID is a globally unique identifier (GUID) generated by the SMS BUILDER system; 
it is an ID assigned for each unique building. This sample excerpt shows that the three records 
are from different buildings. The SEC_ID is the GUID generated by the SMS BUILDER 
application and is an ID assigned for each unique inventory item. The FAC is an acronym for 
Facility Analysis Category which is a DoD building classification. There are 480 unique FAC 
codes that are assigned to each building. The CMC was described earlier in this chapter as being 
the distinct inventory catalog item. In this set of sample data, there are three distinct CMC codes 
listed. The RSL is the Remaining Service Life that is calculated by the BUILDER application’s 
algorithm which is based on the multiple inspection points and the original design life.  The 
Design Life is the life expectancy for this particular component catalog item. Finally, the 
inspection comments field is any information the assessor noted about the inspection of that 
inventory item.  
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CHAPTER 4 – METHODOLOGY FOR RESEARCH 
 
4.1 Introduction 
Through frequent pattern or association rule mining techniques on large database sets of 
building condition assessment data, dynamic networks of building components can be derived. 
The component networks will reveal criticality factors and connections based on the effect of 
respective condition states on other components, even outside of parent systems.  These second 
order interactions between components can be used to optimize savings and mitigate overall risk 
for building investment strategies. By determining what components in building have the highest 
correlation to the condition of other components based on the networked node, many building 
asset management decisions could be impacted. For instance, if budgets are severely constrained 
then inspections might only be carried out on component nodes that have the highest probability 
of correlation to the condition state of other components based on this research. Likewise, 
limiting funding for maintenance, repair and rehabilitation (MR&R) actions to these critical 
component nodes is also a possible application. 
Common sense and logic can determine what facility components affect the condition 
between each other when from a “physical” connection perspective such as the physical 
connection of a roof superstructure member to a load bearing exterior wall.  However, this 
approach cannot identify those unexpected frequent patterns of component conditions.  For 
example, an air handling unit (HVAC distribution system) that frequently has an identical 
condition of the interior doors within a building would be an unexpected frequent pattern that is 
not based on a physical connection.  This relationship could be due to the potential of a 
degradation of the door condition based on poor air quality due to the poor condition of the air 
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handling unit. The standard metrics of performing a BUILDER condition assessment provides a 
controlled metric when searching for associate frequent patterns among the component 
conditions. The methodology process for the association rule mining for frequent pattern 
associations can be shown in Figure 16. 
 









Mining Negative Effective 
Deterioration Association Rules
Find Frequent Itsemsets
Discover Strong Association 
Rules




4.2 Association Rule Mining 
 Association Rule Mining is one category of data mining. These associations are 
important items of knowledge found within the domains of a database. If there are hidden rules 
between metrics and variables within categories, then that is referred to as association. The 
objective of association rule mining is to seek out unknown and unquantified networks of 
association in a database. Sometimes, the association functions are not known. However, in this 
research an association function involving deterioration is used. Performing data mining using 
association rules can assist in discovering interesting association among components and can 
help quantify decision making in terms of predicting deterioration events with a certain 
confidence. 
Association rule mining consists of two phases (Shang, 2005): 
• Find all frequent itemsets 
• Generate association rules from frequent itemsets 
The second phase is straightforward and not as expensive in terms of computing resources. 
Therefore, as far as performance tuning for the whole process, the crucial step is the first phase. 
The problem of association rule mining can further be defined in the following description 
(Agrawal, Imieliński, & Swami, 1993). 
Let I = {i1, i2,…, in} be a set of n binary attributes called items. In terms of this research, these 
items are the building components. For example, one item could be a standing seam, formed 
metal steep slope roof surface. Furthermore, let D = {t1, t2,…, tn} be a set of transactions called 
the database. Each transaction in D has a unique transaction ID and contains a subset of the 
items in I. For this research, each unique building can be considered as a transaction. Each 
building (transaction) in D has a unique building ID and contains a subset of components (items) 
in I.  
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Every rule is made up by an itemset, X and Y, which represents two different sets of items. 
The item X is called the antecedent or left-hand-side (LHS) and Y is called the consequent or 
right-hand-side (RHS). The association rule between the antecedent and the consequent can be 
declared as 𝑿𝑿⇒𝒀𝒀, where X, Y ⊆ I.  
The support, or supp, is the number of transactions that contain all items in X and Y, or more 
simply how frequently the itemset appears in the dataset. Where T is a set of buildings 
(transactions) in a given database, the support of component X with respect to T is defined as the 
proportion of buildings (transactions) t in the dataset which contain the component X. 
𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 (𝑿𝑿) = |{𝒕𝒕 ∈𝑻𝑻;𝑿𝑿 ⊆𝒕𝒕}|
|𝑻𝑻|
  (1) 
For example, if the itemset X = {Metal Roof Surface, Steel Exterior Door} has a support of 0.2 
(20%), then these two components occur together in 20% of all buildings (transactions) in the 
dataset. 
The confidence, or conf, defines how often the association rule has been met. The confidence 
value 𝑿𝑿⇒𝒀𝒀, with respect to the set of building (transactions), T, is the proportion of buildings 
that contain component X as well as component Y.  
𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄(𝐗𝐗 ⇒ 𝐘𝐘) = 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔(𝑿𝑿 ∪𝒀𝒀)
𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 (𝑿𝑿)
  (2) 
For example, if the association rule is defined that {Metal Roof Surface, Steel Exterior Door} 
⇒ {Accelerated Deterioration State} has a confidence of 0.8 (80%) in the database, then 80% 
of the buildings that contain both a metal roof surface and a steel exterior door, have an attribute 
of being in an accelerated deterioration state. 
The principles set forth by a FP Growth (Han et al., 2000) mining algorithm were used as a 
base for this analysis.  Other relational database mining techniques were used to gather ideas and 
reference for this project (Alves & Belo, 2005; Sidlo & Lukacs, 2000; Xuequn et al., 2000).  
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There are, however, some distinct differences to the SQL based approach taken in this analysis 
compared to the referenced approaches.  Because there are only 44 distinct Level 3 Components, 
there is no need to “discover” these items as in a normal associative data mining procedure.  The 
queries and procedures for this analysis use these 3,301 distinct catalog components as the 
itemset combinations.  Therefore, there is no need to mine a “path” of itemset since the path is 
already known.  Additionally, this analysis is only concerned with single pair frequent itemsets 
(i.e. one component with a frequent pattern to another single component) 
4.3 Negative Effective Deterioration and Inspection Distresses 
Up to this point, only a general knowledge of association pattern mining has been given. 
If association rule mining was performed on the dataset established thus far, we would only see 
frequent patterns of components that have a frequency of being inventoried together. However, 
we need to filter the dataset down to a more detailed layer which provides more relevant details 
about those interactions. For this research, a new metric called the negative effective 
deterioration along with inspection distresses will be used. 
4.3.1 Negative Effective Deterioration 
With the association rule mining defined, we next need to consider which interactive 
effects to analyze. For this research, we are interested in identifying the effect that one 
component’s advanced deterioration may have on another component.  To do this, a new metric 
called the negative effective deterioration is defined and used with inspection distresses. 
In the building condition assessment application set of data, the component installation 
date is one of the required attributes for all component inventory. Therefore, an Actual Age can 
be calculated as: 
𝑨𝑨𝑨𝑨𝑨𝑨𝒂𝒂  =  𝑨𝑨𝑨𝑨𝒔𝒔𝒄𝒄𝑨𝑨𝒔𝒔𝒕𝒕𝑨𝑨 𝒗𝒗𝒂𝒂𝑨𝑨𝒔𝒔𝑨𝑨 𝑨𝑨𝒂𝒂𝒔𝒔𝑨𝑨𝒃𝒃 𝒄𝒄𝒄𝒄 𝒊𝒊𝒄𝒄𝒔𝒔𝒕𝒕𝒂𝒂𝑨𝑨𝑨𝑨𝒂𝒂𝒕𝒕𝒊𝒊𝒄𝒄𝒄𝒄 𝒃𝒃𝒂𝒂𝒕𝒕𝑨𝑨 𝒄𝒄𝒐𝒐 𝒕𝒕𝒊𝒊𝒕𝒕𝑨𝑨 𝒊𝒊𝒄𝒄 𝒔𝒔𝑨𝑨𝒐𝒐𝒗𝒗𝒊𝒊𝒄𝒄𝑨𝑨 
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The remaining service life (RSL) is a calculated metric in many condition assessment 
applications. This metric is an output from the condition assessment application in which the 
dataset resides. In most cases, the RSL is updated in the condition assessment application as 
updated inspection points are collected (USACE-CERL, 2018). The lifecycle curve or expected 
life of the component is adjusted based on these inspection points and the respective data can 
determine if components are performing better or worse than compared to the expected service 
life. Each inventory catalog item has a Design Life (DL) with a unit of measure in years assigned 
as an attribute.  Therefore, an Effective Age is a relative value based on the expected age 
commensurate with its observed accumulated deterioration and can be calculated as: 
𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨  =  𝑫𝑫𝑫𝑫 –  𝑹𝑹𝑹𝑹𝑫𝑫 (3) 
Effective Deterioration is defined as the difference between normalized actual component age 
and normalized effective component age, or: 
𝑫𝑫𝑨𝑨 = 𝑨𝑨𝑨𝑨𝑨𝑨𝒂𝒂′ − 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨′   (4) 













 − 𝟏𝟏 (7) 
As an example of this metric, let’s consider a 7-year-old HVAC unit that has a design life of 10 
years. Based on inspection ratings, the condition assessment application computes the RSL = 1 




 − 1 = −𝟎𝟎. 𝟐𝟐𝟎𝟎 
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If the Effective Deterioration is positive, then the component is performing better than expected 
based on the inspection points from the condition assessment software application. Conversely, if 
the value is negative, then it’s an indicator that the component is performing worse than 
expected. Therefore, for this research only the Negative Effective Deterioration (NED) will be 
considered and will be used as the association rule. 
4.3.2 Inspection Distresses 
 To narrow associations to specific modes of failure, this study considers not just the level 
of deterioration, but also the nature of the deterioration. For example, if water damage causes 
accelerated deterioration in one component, the association rules look for similar modes of 
deterioration in other components. These modes of failure can be defined with inspection data 
from the condition assessment application such as keywords in inspection comments or specific 
distresses catalogued in the application. For a distress survey, specific distresses can be used as 
filter points. For a direct condition rating, the detailed inspection comments can be used as filter 











• Operationally Impaired 
Using the previously defined distress types for association rule mining, we now define 
the confidence, conf, that a component X has negative effective deterioration with a type D, 
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Distress, given its antecedent, component Y experiences negative effective deterioration of type 
D.  
4.4 Frequent Itemset Analysis 
With the association rule defined as Negative Effective Deterioration (NED), the analysis 
is performed to mine the data for all the frequent itemsets. The general steps in the frequent 
itemset analysis are:  
1. Query the pre-cleaned data for all data meeting the NED association rule 
2. Develop a minimum support to filter single frequent items 
3. Query all instances of unique catalog components within facilities  
4. Perform the frequent itemset analysis queries 
5. Develop final queries which join the frequent itemset data back with intuitive 
attributes to assist in analyzing the data. 
4.4.1 Query Pre-Cleaned Data   
The first Structured Query Language (SQL) query is called ComponentMiner which joins 
the source data together from the Facility level down to the individual inventory components 
within each facility. Furthermore, this SQL query calculates a new column for Effective 
Deterioration and filters down to only the components with Negative Effective Deterioration in 
the final WHERE clause of the statement. The design view of the pre-cleaning query is shown in 
Figure 17. 
 
Figure 17. Graphical view on the ComponentMiner SQL Query Data 
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The full SQL view for ComponentMiner can be seen in the following statement. This view 
selects certain columns, calculates the effective deterioration, joins by all the needed tables from 
the data hierarchy, and filters down on negative effective deterioration with the WHERE clause. 
CREATE VIEW ComponentMiner AS 
SELECT distinct dbo.Facility.Facility_ID AS FacilityID 
 , dbo.RO_Usetype.DODLink AS FAC 
 , dbo.Component_Section.SEC_CMC_LINK AS CMC 
 , dbo.Component_Section.SEC_REMAIN_LIFE AS RSL 
 , RSV.Catalog.DesignLife 
 , 2020 - dbo.Component_Section.SEC_YEAR_BUILT AS Age_Actual 
, (CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) AS Age_Actual_Percentage 
 , RSV.Catalog.DesignLife - dbo.Component_Section.SEC_REMAIN_LIFE AS Age_Effective 
, (RSV.Catalog.DesignLife - dbo.Component_Section.SEC_REMAIN_LIFE) / 
RSV.Catalog.DesignLife AS Age_Effective_Percentage 
, (CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) - (RSV.Catalog.DesignLife - 
dbo.Component_Section.SEC_REMAIN_LIFE)/RSV.Catalog.DesignLife AS 
DeteriorationDelta 
FROM   dbo.RO_CMC INNER JOIN 
       dbo.Component_Section INNER JOIN 
dbo.System_Component ON dbo.Component_Section.SEC_SYS_COMP_ID = 
dbo.System_Component.SYS_COMP_ID ON dbo.RO_CMC.CMC_ID = 
dbo.Component_Section.SEC_CMC_LINK INNER JOIN 
       dbo.RO_Component ON dbo.RO_CMC.CMC_COMP_UII_LINK = dbo.RO_Component.COMP_ID  
INNER JOIN dbo.Facility INNER JOIN 
dbo.Building_System ON dbo.Facility.Facility_ID = 
dbo.Building_System.BLDG_SYS_BLDG_ID INNER JOIN 
dbo.RO_Usetype ON dbo.Facility.CategoryCode_Link = dbo.RO_Usetype.USETYPE_ID ON 
dbo.System_Component.SYS_COMP_BLDG_SYS_ID = dbo.Building_System.BLDG_SYS_ID INNER 
JOIN RSV.Catalog ON dbo.Component_Section.SEC_CMC_LINK = RSV.Catalog.CMC  
    
WHERE         
((CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) - (RSV.Catalog.DesignLife - 
dbo.Component_Section.SEC_REMAIN_LIFE) / RSV.Catalog.DesignLife) < 0 
 
With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
SELECT TOP 5 * FROM ComponentMiner 
The results of this statement can be found in Table 8. 
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Table 8. Five (5) Record Excerpt from the ComponentMiner SQL Query 
 
 In order to properly calculate the Support attribute, another SQL query which is identical 
to ComponentMiner is created, but the WHERE clause which filters to the NED associations is 
removed. This new SQL query which is called ComponentMiner_SUPPORT essentially provides 
a dataset of all pre-cleaned components regardless of whether the effective deterioration is 
positive or negative. The full SQL view for ComponentMiner_SUPPORT can be seen in the 
following statement. This view selects certain columns, calculates the effective deterioration, 
joins by all the needed tables from the data hierarchy, and the WHERE clause is removed as 
described above. 
CREATE VIEW ComponentMiner_SUPPORT AS 
SELECT distinct dbo.Facility.Facility_ID AS FacilityID 
 , dbo.RO_Usetype.DODLink AS FAC 
 , dbo.Component_Section.SEC_CMC_LINK AS CMC 
 , dbo.Component_Section.SEC_REMAIN_LIFE AS RSL 
 , RSV.Catalog.DesignLife 
 , 2020 - dbo.Component_Section.SEC_YEAR_BUILT AS Age_Actual 
, (CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) AS Age_Actual_Percentage 
 , RSV.Catalog.DesignLife - dbo.Component_Section.SEC_REMAIN_LIFE AS Age_Effective 
, (RSV.Catalog.DesignLife - dbo.Component_Section.SEC_REMAIN_LIFE) / 
RSV.Catalog.DesignLife AS Age_Effective_Percentage 
, (CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) - (RSV.Catalog.DesignLife - 
dbo.Component_Section.SEC_REMAIN_LIFE)/RSV.Catalog.DesignLife AS 
DeteriorationDelta 
FROM   dbo.RO_CMC INNER JOIN 
       dbo.Component_Section INNER JOIN 
dbo.System_Component ON dbo.Component_Section.SEC_SYS_COMP_ID = 
dbo.System_Component.SYS_COMP_ID ON dbo.RO_CMC.CMC_ID = 
dbo.Component_Section.SEC_CMC_LINK INNER JOIN 
       dbo.RO_Component ON dbo.RO_CMC.CMC_COMP_UII_LINK = dbo.RO_Component.COMP_ID  
INNER JOIN dbo.Facility INNER JOIN 


























A251-CF267E982480 30227 37.90349 65 27 0.415384615 27.096509 0.416869369 -0.001484754
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dbo.Building_System ON dbo.Facility.Facility_ID = 
dbo.Building_System.BLDG_SYS_BLDG_ID INNER JOIN 
dbo.RO_Usetype ON dbo.Facility.CategoryCode_Link = dbo.RO_Usetype.USETYPE_ID ON 
dbo.System_Component.SYS_COMP_BLDG_SYS_ID = dbo.Building_System.BLDG_SYS_ID INNER 
JOIN RSV.Catalog ON dbo.Component_Section.SEC_CMC_LINK = RSV.Catalog.CMC  
    
With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
SELECT TOP 5 * FROM ComponentMiner_SUPPORT 
The results of this statement can be found in Table 9. 
Table 9. Five (5) Record Excerpt from the ComponentMiner_SUPPORT SQL Query 
 
4.4.2 Develop a Minimum Support to Filter Single Frequent Items 
In association data mining, one needs to define the minimum support (minsupp) 
threshold.  This is done for two reasons – (1) to filter out data that is inconsequential and, (2) to 
prevent the algorithm from running out of memory.  Therefore, if one wants to only find strong 
correlations, then the threshold is set high. Additionally, the minimum support is set according to 
expert’s recommendation and engineering experience (Baohui et al., 2011). Furthermore, we 
only want to find the frequent itemsets with negative effective deterioration. The pseudocode for 
this step is: 
SELECT Component and the count of that Component FROM the pre-cleaned dataset WHERE 
the count of the Component is greater than the minimum support threshold. 


























9F43-F832844E60BD 21537 12.18872 25 27 1.08 12.81127975 0.51245119 0.56754881
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 The count of inventory occurrences (support) ordered by catalog item was calculated in a 
database query. As seen in the following figure, the single item support (frequency) of single 
items was calculated. Out of 3,301 total catalog items as shown on then x-axis, there was not a 
significant shift in the single item support until the data point where the catalog count was 2,926 
and the single item support (frequency) was around 1,000 on the y-axis (i.e. data point 2926, 
1000) as shown in Figure 18. 
 
Figure 18. Single Item Support by Aggregated Catalog Count 
Therefore, for this research, a minsupp = 1,000 was assumed. This means that for each 
distinct component, there is at least a frequency of 1,000 for each of those components within the 
dataset regardless of whether effective deterioration is positive or negative. This minsupp 
threshold will ensure that the analysis is carried out only on common inventory components in 
which assessors would tend to have more a familiarity inspecting. The full SQL query for this 
statement is seen as: 
CREATE VIEW minsupp AS 
SELECT CMC, COUNT(*) AS frequency FROM ComponentMiner_SUPPORT 
GROUP BY CMC 
HAVING COUNT(*)>=1000  
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With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
SELECT TOP 5 * FROM minsupp 
The results of this statement can be found in Table 10. 








4.4.3 Query All Instances of Unique Catalog Components within Facilities 
Now that the minsupp has been defined and saved, a new table can be populated in which 
infrequent single items are excluded (minsupp>=1000).  SQL scripts can then be run to insert 
tuples (records) into the respective frequent 1-itemsets based on the minsupp>=1000.  At this 
step, the table consists of the FacilityID (transaction ID) and the CMC (component) where the 
minimum support has been met. In order to calculate both the support and confidence metrics, 
this step will be done for the dataset containing only Negative Effective Deterioration (NED) as 
well as the full pre-cleaned dataset regardless of NED components. The Frequent and 
Frequent_Support tables, as they will respectively be referred to as, must first be created in the 
SQL database. The following SQL statements create empty tables with a column for the 




CREATE TABLE Frequent ( 
 Facility_ID nvarchar(36), 
 CMC INT); 
 
CREATE TABLE Frequent_Support ( 
 Facility_ID nvarchar(36), 
 CMC INT); 
Records can now be inserted into the Frequent table with the following pseudocode: INSERT the 
Facility_ID (transaction IDs) and unique catalog component IDs FROM the ComponentMiner 
query (pre-cleaned negative effective deterioration dataset) only WHERE those catalog 
components meet the single item minimum support thresholds set in the minsupp query.  
The full SQL statements for insertion of the Frequent records can be seen below, which inserted 
955,360 records: 
INSERT INTO Frequent (Facility_ID, CMC) 
SELECT ComponentMiner.FacilityID, ComponentMiner.CMC  
FROM ComponentMiner, minsupp 
WHERE ComponentMiner.CMC = minsupp.CMC 
The pseudocode for the Frequent_Support table is very similar but draws from the 
ComponentMiner_SUPPORT table which includes all pre-cleaned data regardless of the NED 
metric: INSERT the Facility_ID (transaction IDs) and unique catalog component IDs FROM the 
ComponentMiner_SUPPORT query (pre-cleaned negative effective deterioration dataset) only 
WHERE those catalog components meet the single item minimum support thresholds set in the 
minsupp query.  
The full SQL statements for insertion of the Frequent_Support records, which inserted 1,917,807 
records: 
INSERT INTO Frequent_Support (Facility_ID, CMC) 
SELECT ComponentMiner_SUPPORT.FacilityID, ComponentMiner_SUPPORT.CMC  
FROM ComponentMiner_SUPPORT, minsupp 
WHERE ComponentMiner_SUPPORT.CMC = minsupp.CMC 
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With this SQL table created and populated in the source database, a SQL SELECT statement can 
be executed in order to view a sample excerpt of this step. The SELECT statement to view the 
first five (5) records is written as: 
SELECT TOP 5 * FROM Frequent 
The results of this statement can be found in Table 11. 








Visually, these disparate antecedent and consequent components can be seen in Figure 19. The 
size of the circle represents the support, or number of times the component occurs in the dataset 




Figure 19. Disparate Antecedent and Consequent Components Prior to the Frequent Itemset Analysis 
4.4.4 Performing the Frequent Itemset Analysis 
The next step is the most demanding query on the SQL database and consumes more 
memory resources than the others. However, because the association rules with negative 
effective deterioration (NED) were clearly defined in earlier steps and the associations 
themselves are not being mined prior to counting frequent itemsets, the time consumption is only 
approximately ten (10) minutes. The pseudocode for the frequent itemset analysis (FI) is:  
SELECT each of the itemsets from the Frequency query (these are only components with NED) 
and COUNT the frequency of facilities (transactions) which this itemset is discovered. 





CREATE VIEW FI AS 
WITH CMC_list AS  
( 
 SELECT Facility_ID, CMC 
    FROM Frequent 
) 
SELECT CMC_1 AS ComponentA,  
CMC_2 AS ComponentB,  
CONCAT(CMC_1, '_', CMC_2) AS Itemset,  
COUNT(Facility_ID) AS Frequency  
FROM ( 
 SELECT distinct 
  CMC_list_1.Facility_ID,  
  CMC_list_1.CMC AS CMC_1,  
  CMC_list_2.CMC AS CMC_2 
FROM CMC_list AS CMC_list_1  
INNER JOIN CMC_list AS CMC_list_2  
 ON CMC_list_2.Facility_ID = CMC_list_1.Facility_ID 
) AS X 
WHERE CMC_1 IS NOT NULL AND CMC_2 IS NOT NULL 
AND CMC_1 > CMC_2 
GROUP BY CMC_1, CMC_2 
 
With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
SELECT TOP 5 * FROM FI 
The results of this statement can be found in Table 12. 
Table 12. Five (5) Record Excerpt from the FI SQL View 
ComponentA ComponentB Itemset Frequency 
70811 42508 70811_42508 346 
41211 21389 41211_21389 34 
41011 20295 41011_20295 110 
41242 41232 41242_41232 9 
21447 21441 21447_21441 65 
 
As in previous steps, a nearly identical SQL query which excludes the NED association 
rule filter is also generated in order to properly calculate the support and confidence metrics in 
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later methodology steps. The pseudocode for the frequent itemset support analysis (FI_Support) 
is:  SELECT each of the itemsets from the Frequency_Support query (these are ALL components 
regardless of NED) and COUNT the frequency of facilities (transactions) which this itemset is 
discovered. 
The full SQL query for this statement is seen as: 
CREATE VIEW FI_support AS 
WITH CMC_list AS 
( 
 SELECT Facility_ID,CMC  
 FROM Frequent_Support 
) 
SELECT x.CMC_1 as ComponentA,  
X.CMC_2 as ComponentB,  
concat(x.CMC_1,'_',x.CMC_2) as Itemset,  
count(X.Facility_ID) AS Frequency  
FROM ( 
 SELECT distinct 
  CMC_list_1.Facility_ID,  
  CMC_list_1.CMC AS CMC_1,  
  CMC_list_2.CMC AS CMC_2 
 FROM CMC_list CMC_list_1 
 INNER JOIN CMC_list CMC_list_2 
 ON CMC_list_2.Facility_ID = CMC_list_1.Facility_ID 
) AS X 
WHERE CMC_1 IS NOT NULL AND CMC_2 IS NOT NULL 
AND CMC_1 > CMC_2 
GROUP BY X.CMC_1, CMC_2  
With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
SELECT TOP 5 * FROM FI_support 
The results of this statement can be found in Table 13. Although this excerpt looks similar to the 
results of the FI query, the Frequency attributes in each have different meanings. The Frequency 
attribute in the FI query results is used to calculate the confidence metric, whereas the Frequency 
attribute in the FI_support query results is used to calculate the support metric. 
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Table 13. Five (5) Record Excerpt from the FI_support SQL View 
ComponentA ComponentB Itemset Frequency 
21493 21399 21493_21399 680 
70816 70812 70816_70812 2244 
42241 41065 42241_41065 42 
44045 41065 44045_41065 136 
41115 30110 41115_30110 11 
 
4.4.5 Develop Final Queries to Join Frequent Itemset Data to Component Catalog Attributes 
 The frequent pattern analysis is completed, but in order to make sense of the data the 
ASTM Uniformat catalog will now be joined back together with the frequency data. 
Additionally, the Frequency fields in the FI and FI_support SQL queries will be converted to 
supp and conf percentages. The pseudocode for the FI_Network SQL query is: SELECT the 
distinct Itemsets, Frequencies, and full catalog descriptions from the FI dataset joined with the 
table containing the catalog definitions.  
The full SQL statement creating the FI_Network view is: 
CREATE VIEW FI_Network AS 
SELECT DISTINCT fi.Itemset,  
 fi.frequency as Frequency, 
 cat1.Mat_Cat + ' - ' + cat1.Comp_Type AS MatCatCompTypeA,  
 cat2.Mat_Cat + ' - ' + cat2.Comp_Type AS MatCatCompTypeB 
FROM FI fi 
 inner join rsv.Catalog cat1 ON fi.ComponentA = cat1.CMC 
 inner join rsv.Catalog cat2 ON fi.ComponentB = cat2.CMC 
With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
SELECT TOP 5 * FROM FI_Network 
The results of this statement can be found in the following table. 
86 
 
Table 14. Five (5) Record Excerpt from the FI_Network SQL View 
Itemset Frequency MatCatCompTypeA MatCatCompTypeB 
20296_20240 1 D202002 VALVES & 
HYDRANTS - Backflow 
Preventer - 1.5" pipe 
D202003 DOMESTIC WATER 
EQUIPMENT - Storage Tank - 
Galvanized steel, 80 gallon, 20" 
diameter, 64" L.O.A. 
20297_20016 10 D202002 VALVES & 
HYDRANTS - Backflow 
Preventer - 2" pipe 
B203004 OVERHEAD AND 
ROLL-UP DOORS - Steel 
Rolling, Electric, 14'x14' 
20297_20296 46 D202002 VALVES & 
HYDRANTS - Backflow 
Preventer - 2" pipe 
D202002 VALVES & 
HYDRANTS - Backflow 
Preventer - 1.5" pipe 
20429_20282 1 D302001 BOILERS - Gas, 
Hot Water -   150-250 MBH 
D202003 DOMESTIC WATER 
EQUIPMENT - Water Heaters, 
Commercial, Electric -   50 gal,    
9 KW,   37 GPH 
20555_20006 5 D303002 DIRECT 
EXPANSION SYSTEMS - 
Condenser, DX, Air Cooled 
- Direct Drive, 5 ton 
B203004 OVERHEAD AND 
ROLL-UP DOORS - Steel 
Rolling, Electric, 12'x12' 
 
Similar to the other frequent itemset analysis steps, a similar SQL query is required for 
the “support” related data views. The pseudocode for the FI_Network_support SQL query is: 
SELECT the distinct Itemsets, Frequencies, and full catalog descriptions from the FI_support 
dataset joined with the table containing the catalog definitions.  
The full SQL statement creating the FI_Network_support view is: 
CREATE VIEW FI_Network_support AS 
SELECT DISTINCT fis.Itemset,  
 fis.frequency as Frequency, 
 cat1.Mat_Cat + ' - ' + cat1.Comp_Type AS MatCatCompTypeA,  
 cat2.Mat_Cat + ' - ' + cat2.Comp_Type AS MatCatCompTypeB 
FROM FI_support fis 
 inner join rsv.Catalog cat1 ON fis.ComponentA = cat1.CMC 
 inner join rsv.Catalog cat2 ON fis.ComponentB = cat2.CMC 
With this SQL view created in the source database, a SQL SELECT statement can be executed in 
order to view a sample excerpt of this step. The SELECT statement to view the first five (5) 
records is written as: 
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SELECT TOP 5 * FROM FI_Network_support 
The results of this statement can be found in Table 15. Although the FI_Network_support SQL 
query excerpt looks identical in format to the FI_Network query, the Frequency columns 
represent different metrics which will be explained in the next step.  
Table 15. Five (5) Record Excerpt from the FI_Network_support SQL View 
Itemset Frequency MatCatCompTypeA MatCatCompTypeB 
21424_20829 28 C102003 FIRE DOORS - 
Fire Door - Swinging 
D305005 ELECTRIC HEATING 
- 208-240 volt, 5 kW 




OVERHEAD DOORS - Metal 
41087_41051 157 C102007 INTERIOR 
DOOR HARDWARE - 
General 
B202001 WINDOWS - General 
44183_21472 1610 D501090 OTHER 
SERVICE AND 
DISTRIBUTION - GFCI 
Receptacle 
D201005 SHOWERS/TUBS - 
Shower 
41217_21477 598 D304007 EXHAUST 
SYSTEMS - General 
D201003 LAVATORIES - 
General 
 
 The final SQL query in the frequent itemset analysis joins the FI_Network, 
FI_Network_support, and calculates the support (supp) and confidence (conf) metrics. This 
query is a two-part statement where a common table expression, or CTE, is required to first 
calculate the distinct count of facilities in the dataset. This is needed for the denominator of the 
supp calculation. The supp and conf formulas can be written as: 
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐹𝐹𝐹𝐹𝑒𝑒𝑞𝑞𝑞𝑞𝑒𝑒𝑞𝑞𝑞𝑞𝑞𝑞 (𝑓𝑓𝐹𝐹𝑓𝑓𝑓𝑓 FI Network Support)
𝐹𝐹𝐹𝐹𝑞𝑞𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑞𝑞 𝐶𝐶𝑓𝑓𝑞𝑞𝑞𝑞𝐹𝐹 (𝑓𝑓𝐹𝐹𝑓𝑓𝑓𝑓 CTE)
  (8) 
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐹𝐹𝐹𝐹𝑒𝑒𝑞𝑞𝑞𝑞𝑒𝑒𝑞𝑞𝑞𝑞𝑞𝑞 (𝑓𝑓𝐹𝐹𝑓𝑓𝑓𝑓 FI Network)
𝐹𝐹𝐹𝐹𝑒𝑒𝑞𝑞𝑞𝑞𝑒𝑒𝑞𝑞𝑞𝑞𝑞𝑞 (𝑓𝑓𝐹𝐹𝑓𝑓𝑓𝑓 FI Network Support)
  (9) 
The pseudocode for the final SQL query called NEDFPA (negative effective deterioration 
frequent pattern association) can be described as: SELECT the itemset, catalog descriptions of 
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both components in the itemset, and the calculated metrics for supp and conf from the common 
table expression counting the facilities, joined with the FI_Network and FI_Network_support 
views. 
The full SQL query statement can be written as: 
CREATE VIEW NEDFPA AS 
WITH CTE AS (SELECT COUNT(DISTINCT FacilityID) AS FacCount FROM ComponentMiner_SUPPORT) 
 
SELECT FI.Itemset,  
FI.MatCatCompTypeA,  
FI.MatCatCompTypeB,  
 (CAST(FIS.Frequency AS float) / CAST(CTE.FacCount AS float))  AS supp,  
 (CAST(FI.Frequency AS float) / CAST(FIS.Frequency AS float))  AS conf 
FROM CTE, 
 FI_Network FI 
 INNER JOIN FI_Network_support FIS on FIS.Itemset = FI.Itemset 
The table results of the NEDFPA SQL query is comprised of 58,453 itemset records. The top ten 
(10) itemset records showing the highest supp metric can be seen in Table 16. The first record in 
this table shows a frequent itemset between a D201001 WATERCLOSET component and a 
D201003 LAVATORIES component. The supp metric is 29.86% which is the percentage of 
times these two components were inventoried in the same building out of the 52,013 buildings in 
the US Air Force dataset for SMS BUILDER. The conf metric is 24.37% which is the percentage 
of times both of the components displayed negative effective deterioration (NED) within the 
29.86% of the buildings. Another method of stating this is that when these two components are 
inventoried and assessed together in a building, if one of the components is in a NED state there 






Table 16. Top 10 Frequent Itemsets by Confidence 
Itemset MatCatCompTypeA MatCatCompTypeB supp conf 
21479_21477 D201001 WATERCLOSETS - 
General 
D201003 LAVATORIES - 
General 
29.86% 24.37% 
21479_21401 D201001 WATERCLOSETS - 
General 
B203001 SOLID DOORS - 
Steel 
23.86% 9.28% 
21479_21478 D201001 WATERCLOSETS - 
General 
D201002 URINALS - General 22.13% 22.89% 
21477_21401 D201003 LAVATORIES - General B203001 SOLID DOORS - 
Steel 
21.67% 9.07% 
21409_21407 B301005 GUTTERS & 
DOWNSPOUTS - Gutters 
B301005 GUTTERS & 
DOWNSPOUTS - Downspouts 
21.28% 19.35% 
21478_21477 D201002 URINALS - General D201003 LAVATORIES - 
General 
20.11% 23.05% 
40251_21479 D401002 FIRE ALARM 
DEVICES - Manual pull station 
D201001 WATERCLOSETS - 
General 
18.91% 9.96% 
21602_21479 D502002 LIGHTING 
EQUIPMENT - Exit Lighting 
D201001 WATERCLOSETS - 
General 
18.82% 13.86% 
21479_21421 D201001 WATERCLOSETS - 
General 
C101001 FIXED PARTITIONS 
- Wall - Drywall w/Stud 
Framing 
18.69% 17.15% 
21425_21421 C102001 STANDARD INTERIOR 
DOORS - Wood Door/Metal 
Frame 
C101001 FIXED PARTITIONS 




The first view of the intelligent building component network can be seen when the final result set 
of the frequent itemsets are brought into a visual representation as seen below. The size of the 
circle nodes represents the single item support, or frequency of occurring in the dataset.  The 
number on the node line indicates the conf percentage of having a frequent itemset of negative 
effective deterioration between those two components. Figure 20 shows all 58,453 itemset 
connections and is not useful to use from a visual perspective. However, Figure 21 filters down 
only to the strongest association rules where the supp is 10% or greater, and the conf is 20% or 








Figure 21. Network Graphic Frequent Itemset Components with NED with supp >= 10% and conf >= 20% 
 A table with all the frequent itemsets where the supp is greater than or equal to 10% is 
provided in Appendix A which consists of 215 itemsets from the 58,453 total. In chapter 5, the 
data from the frequent itemset analysis methodology will be applied to targeted case studies to 







CHAPTER 5 – APPLICATION OF FREQUENT PATTERN ANALYSIS 
 
5.1 Introduction 
The methodology in this research so far brings us to a point where we have a confidence 
interval rating of the likelihood of building components having negative effective deterioration 
when the antecedent component has negative deterioration. With this information we can now 
apply these network level connections to data where the antecedent component has negative 
effective deterioration due to a defined inspection distress and the consequent components in that 
same facility may not necessarily have negative deterioration yet. This gives us the opportunity 
to find relatively low-cost repairs or other work actions in the antecedent components that can 
possibly prevent future negative effective deterioration in consequent components that have a 
relatively large replacement cost. Where are there recent antecedent shifts to negative effective 
deterioration where minor investments can be made in order to prevent accumulated consequent 
deterioration on other components in normal condition? This is the core question behind the 
following case studies. Additionally, case studies will be presented where inspected condition 
state predictions can be made based on correlations between components to lower the required 
resources for assessing a facility. 
The case studies presented involve intra-system work prediction, inter-system work 
prediction, and facility component inspection optimization cases. The intra-system case studies 
present work prediction cases with building inventory components that are either physically 
connected, adjacent, or in the same the Uniformat classification system (Charette & Marshall, 
1999). This set encompasses single antecedent to consequent itemset cases in the exterior shell 
building system with specific inspection distresses for leaks. The inter-system case studies 
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present work prediction cases with building inventory components where the antecedent and 
consequent components are completely disparate and in differing Uniformat classification 
systems and are focused on an antecedent distress keyword of “deteriorated”. The last set of case 
studies involve optimization and prediction of inspection states of consequent components within 
a building based on strong antecedent association rules.  
5.2 Intra-System Single Itemset Case Study - ASTM Uniformat B (Exterior Shell) 
The three (3) frequent itemsets shown in Table 17 will be used for the case studies 
involving roof surface “leak” distress antecedents where the consequent components are within 
the same Uniformat B – Exterior Shell system. Two (2) of the studies use steep slope roof system 
antecedents and one (1) with a low slope roof system antecedent. The consequent components 
used are all different but remain in the exterior shell system class. Figures 22 and 23 visually 
depict the frequent itemset pairs. 
Table 17. Summary of Frequent Itemsets used for Case Studies 
Support Confidence   Antecedent   Consequent 
0.9% 42.6% B301001 STEEP SLOPE ROOF SYSTEMS - Formed Metal - Metal Standing Seam B101003 FLOOR DECKS AND SLABS - Slab - CIP Concrete 
4.8% 45.3% B301001 STEEP SLOPE ROOF SYSTEMS - Formed Metal - Metal Standing Seam B201001 EXTERIOR CLOSURE - Concrete Block Walls 





Figure 22. Visual Representation of the STEEP SLOPE Antecedent Frequent Itemsets used in Case Study  
 
Figure 23. Visual Representation of the LOW SLOPE Antecedent Frequent Itemsets used in Case Study 
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5.2.1 Intra-System Single Frequent Itemset (Catalog Items 21410-21368) 
 
Figure 24. Overview of Case Study 5.2.1 
Case study 5.2.1 shows an interesting progression of inspection data, starting in January 
2012 where the antecedent roof surface was in a “green” condition state with no inspection 
comments. A little over three (3) years later in April 2015, the assessor rated the surface as an 
“amber” condition and noted there were leaks in the roof over one specific area of the building. 
Three (3) years later in June 2018 it’s obvious that the local leak was not taken care of and the 
new inspection comment noted there were multiple leaks and some severe damage starting inside 
the building.  
The consequent component in this case of the cast in place concrete floor deck is not yet 
in a negative effective deterioration state and has a RSL of 66 years. However, we know from 
the association rule mining that there is a 43% confidence that the leaking antecedent roof 
system will have an accumulated deterioration effect on the consequent cast in place concrete 
floor deck should the antecedent roof system go unrepaired.  
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To apply this specific case study across the entire USAF SMS BUILDER portfolio, we 
can interpolate that approximately $13.5M in antecedent work actions on this particular roof 
surface system could have the potential to prevent $55.3M in potential work actions on the 
consequent component for this case study based on the component correlations from the frequent 
pattern analysis.  
5.2.2 Intra-System Single Frequent Itemset (Catalog Items 21410-21389) 
 
Figure 25. Overview of Case Study 5.2.2 
Case study 5.2.2 shows inspection data starting in April 2013 where the antecedent roof 
surface was in a “green” condition state with no deficiencies noted. A little over three (3) years 
later in October 2016, the assessor performed a distress survey and noted a surface leak distress 
in 5-10% of the surface which correlated to a low condition rating overall. The assessor noted 
that there were leaks along the joint between the barrel metal roof and the adjacent single ply 
roof. The assessor also noted other areas around fans, pipes and vents that needed repairs. 
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The consequent component in this case of the concrete block exterior wall is not yet in a 
negative effective deterioration state and has a RSL of 48 years. However, we know from the 
association rule mining that there is a 45.3% confidence that the leaking antecedent roof system 
will have an accumulated deterioration effect on the consequent concrete block exterior wall 
should the antecedent roof system go unrepaired.  
To apply this specific case study across the entire USAF SMS BUILDER portfolio, we 
can interpolate that approximately $26.9M in antecedent work actions on this particular roof 
surface system could have the potential to prevent $74.6M in potential work actions on the 
consequent component for this case study based on the component correlations from the frequent 
pattern analysis. 
5.2.3 Intra-System Single Frequent Itemset (Catalog Items 21412-21374) 
 
Figure 26. Overview of Case Study 5.2.3 
Case study 5.2.3 shows another interesting progression of inspection data, starting in June 
2006 where the antecedent low slope roof surface was in a “green” condition state with no 
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deficiencies noted. Nearly six years later in February 2012, the assessor rated the surface as an 
“amber minus” condition and noted there were leaks in the roof surface. He specifically noted 
that it was raining at the time and he saw the leaks first hand. Seven (7) months later in 
September 2012, another assessor noted that water was now underneath the membrane and water 
was leaking down to the office areas, resulting in a “red” condition rating. 
The consequent component in this case of the steel roof deck is not yet in a negative 
effective deterioration state and has a RSL of 47 years. However, we know from the association 
rule mining that there is a 31.1% confidence that the leaking antecedent roof system will have an 
accumulated deterioration effect on the consequent steel roof deck should the antecedent roof 
system go unrepaired.  
To apply this specific case study across the entire USAF SMS BUILDER portfolio, we 
can interpolate that approximately $4.6M in antecedent work actions on this particular low slope 
roof surface system could have the potential to prevent $46.8M in potential work actions on the 
consequent component steel roof deck for this case study based on the component correlations 
from the frequent pattern analysis. 
5.3 Inter-System Work Prediction Case Study 
 The intra-system work prediction case studies described in the previous section can be 
applied within any system or component tier of a catalog hierarchy. The effect of antecedent 
component deterioration on consequent components within the same system is a straightforward 
approach due to the connection between those components, which is often times a physical 
connection. The inter-system work prediction case study is not considered a straightforward 
approach and requires a targeted engineering approach to setting up the antecedent components, 
consequent components, and antecedent inspection distresses.  
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 The ASTM Uniformat B20 Exterior Enclosure system can have an accumulated 
deterioration effect on many systems and components within a building since the exterior 
enclosure is the first line of defense to protect the building. Therefore, B20 Exterior Enclosure 
will be the targeted antecedent for the inter-system, and the consequent system will be the C30 
Interior Finishes system. The B20 antecedent inspection keyword distress will be “deterioration” 
in order to focus on general deterioration of the B20 components showing the effect on the C30 
consequent components. For this itemset, B20C30, there are 1,207 frequent itemsets without 
any support or confidence filter applied.  
 
Figure 27. Frequent Itemset Visualization of All B20 Antecedent Components to C30 Consequent Components 
In order to focus on the strongest associations of B20C30, a support >= 1% and a 
confidence >= 80% will be used. When these supp and conf filters are applied, there are 13 
strong frequent itemset correlations. The corresponding visualization and table of the filtered 




Figure 28. Frequent Itemset of B20 Antecedent to C30 Consequent (supp>=1%, conf>=80%) 
Table 18. Frequent Itemset of B20 Antecedent to C30 Consequent (supp>=1%, conf>=80%) 
Antecedent Consequent supp conf 
B201001 EXTERIOR CLOSURE - 
Brick Veneer w/Stud Backup 
C302001 TILE FLOOR FINISHES 
- Ceramic Tile 
1.40% 80.10% 
B202001 WINDOWS - Aluminum 
Windows 
C303001 ACOUSTICAL 
CEILING TILES & PANELS - 
Unknown 
3.50% 91.80% 
B202001 WINDOWS - Vinyl Clad 
Windows 
C302001 TILE FLOOR FINISHES 
- Ceramic Tile 
1.50% 88.00% 
B202001 WINDOWS - Vinyl Clad 
Windows 
C302004 RESILIENT FLOOR 
FINISHES - Composition Sheet 
1.40% 90.90% 
B202001 WINDOWS - Vinyl Clad 
Windows 
C301004 TILE & TERRAZZO 
WALL FINISHES - Tile 
1.60% 92.20% 
B202001 WINDOWS - Vinyl Clad 
Windows 
C303001 ACOUSTICAL 
CEILING TILES & PANELS - 
Unknown 
1.30% 91.30% 
B201009 EXTERIOR PAINTING 
AND SPECIAL COATINGS - 
General 
C302001 TILE FLOOR FINISHES 
- Ceramic Tile 
1.70% 89.70% 
B201009 EXTERIOR PAINTING 
AND SPECIAL COATINGS - 
General 
C302004 RESILIENT FLOOR 




Table 18 cont 
B201009 EXTERIOR PAINTING 
AND SPECIAL COATINGS - 
General 
C302004 RESILIENT FLOOR 
FINISHES - Vinyl Tile 
1.90% 87.60% 
B201009 EXTERIOR PAINTING 




FINISHES - General 
1.70% 92.60% 
B201009 EXTERIOR PAINTING 
AND SPECIAL COATINGS - 
General 
C301004 TILE & TERRAZZO 
WALL FINISHES - Tile 
1.90% 90.30% 
B201009 EXTERIOR PAINTING 
AND SPECIAL COATINGS - 
General 
C302007 WALL BASE FINISHES 
- General 
1.60% 98.10% 
B203090 OTHER EXTERIOR 
SPECIALTY DOORS - Storm Door 
C303001 ACOUSTICAL 




5.3.1 Inter-System B20C30 Case Study: Tech Training Facility (28,000 SF) 
The first inter-system case study is a technical training facility at an Air Force Base in 
Texas, USA which was constructed in 1983 and has a footprint of 28,000 square feet. There are 
two (2) strong B20C30 associations from the frequent pattern itemset analysis which intersect 
with the inventory in this building.  The antecedent and consequent component summary along 










Table 19. Inter-System Case Study 5.3.1 Component and Inspection Summary 
 Antecedents Consequents 
supp = 1.40% 
conf = 80.10% 
B201001 EXTERIOR CLOSURE - 
Brick Veneer w/Stud Backup 
C302001 TILE FLOOR FINISHES 
- Ceramic Tile 
Year Installed 1983 1983 
Quantity 16,944 Square Feet 1,818 Square Feet 
Replacement Cost $561,000 $47,400 
Inspection History 9/13/2017: Green (CI=95) 
11/15/2018: Green (CI=95) 
Minor distress observed. 
Efflorescence, staining, lichen 
formation 
10/28/2019: Amber [–] (CI=61) 
Efflorescence, suspect mold, major 
contamination on exterior; Wall 
joining mechanical room is source 
11/20/2018: Amber (CI=71) 
Cracks and chips noticed throughout 
supp = 3.50% 
conf = 91.80% 
B202001 WINDOWS - Aluminum 
Windows 
C303001 ACOUSTICAL CEILING 
TILES & PANELS – Unknown 
Year Installed 1983 1983 
Quantity 84 Each (3’x6’) 28,669 Square Feet 
Replacement Cost $75,000 $114,676 
Inspection History 9/14/2017: Green (CI=95) 
11/16/2018: Green [–] (CI=88) 
Several windows on the first level are 
torn or separating from the 
frame/spline 
10/28/2019: Amber (CI=71) 
Moderate deterioration occurring; 
factory coating in chalky and faded 
with loss of protective layer 
11/20/2018: Green (CI=95) 
10/28/2019: Amber [+] (CI=80) 
Tiles near windows starting to show 
deterioration and discoloration. 
 
The first frequent itemset in this building between a {B201001 EXTERIOR CLOSURE – 
Brick Veneer w/Stud Backup}  {C302001 TILE FLOOR FINISHES – Ceramic Tile} has a 
strong confidence rating of 80.1%. The antecedent in this case received a Green condition rating 
in both 2017 and 2018, although the assessor did note the beginning of an efflorescence distress 
in the latter. One year later in 2019, the condition assessment noted a considerable drop due to 
major contamination noted. It is difficult to determine if the cracks and chips noted in the 
consequent component is due to the antecedent deterioration. There was not a consequent 
component inspection in 2019, but the frequent itemset association suggests that if the antecedent 
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efflorescence and contamination is not remediated, the consequent deterioration will remain 
negatively affected. The time based graph of the inspection condition index by date and 
component below shows both components starting at a condition index of 100 at their respective 
installation date and corresponding inspection condition points following.  
 
Figure 29. Inspection Condition Index by Date ({B201001 EXTERIOR CLOSURE – Brick Veneer w/Stud Backup} 
 {C302001 TILE FLOOR FINISHES – Ceramic Tile}) 
The second frequent itemset in this building is between a {B202001 WINDOWS – 
Aluminum Windows}  {C303001 ACOUSTICAL CEILING TILES & PANELS} which has a 
confidence rating of 91.8%. The antecedent in this case shows a significant accelerated 
deterioration starting in 2018 due to a deterioration distress on the window frame. According to 
the inspection comments, it does not appear to affect all the windows, but rather a select set on 
the first level. However, in 2019 it appears all the windows are displaying moderate deterioration 
as a whole. The consequent appears to follow behind the antecedent by one year in a spike of 
degradation. Since the consequent inspection history notes the ceiling tiles closest to the 
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antecedent window as displaying the accelerated deterioration, this one year lag is feasible as 
being the amount of time in which the window distress took to negatively affect the adjacent 
ceiling tile component.  
 
Figure 30. Inspection Condition Index by Date ({B202001 WINDOWS – Aluminum Windows}  {C303001 
ACOUSTICAL CEILING TILES & PANELS}) 
5.3.2 Inter-System B20C30 Case Study: Tech Training Housing Facility (125,000 SF) 
The second inter-system case study is a technical training housing facility at an Air Force 
Base in Texas, USA which as constructed in 1939 and has a footprint of 125,000 square feet. 
This building underwent a major renovation in 2009. There are two (2) strong B20C30 
associations from the frequent pattern itemset analysis which intersect with the inventory in this 
building.  The antecedent and consequent component summary along with inspection details are 





Table 20. Inter-System Case Study 5.3.2 Component and Inspection Summary 
 Antecedents Consequents 
supp = 3.50% 
conf = 91.80% 
B202001 WINDOWS - Aluminum 
Windows 
C303001 ACOUSTICAL CEILING 
TILES & PANELS – Unknown 
Year Installed 2009 [1st Floor] 2009 [1st Floor] 
Quantity 115 Each (3’x6’) 18,863 Square Feet 
Replacement Cost $104,143 $95,034 
Inspection History 8/27/2018: Green (CI=95) 
2/4/2019: Amber [+] (CI=80) 
Mildly deteriorated on 5% of the 
count. The trim pieces on sides of 
sashes are missing and most of the 
divider stiles have come detached. 
2/6/2019: Green [–] (CI=88) 
Tiles are in fair condition. 
Year Installed 2009 [2nd Floor] 2009 [2nd Floor] 
Quantity 134 Each (3’x6’) 17,848 Square Feet 
Replacement Cost $121,350 $89,920 
Inspection History 8/27/2018: Green (CI=95) 
2/4/2019: Amber [+] (CI=80) 
Mildly deteriorated on 5% of the 
count. The trim pieces on sides of 
sashes are missing and most of the 
divider stiles have come detached. 
2/6/2019: Green [–] (CI=88) 
Tiles are in fair condition. 
Year Installed 2009 [3rd Floor] 2009 [3rd Floor] 
Quantity 121 Each (3’x6’) 17,811 Square Feet 
Replacement Cost $109,576 $89,734 
Inspection History 8/27/2018: Green (CI=95) 
all2/4/2019: Amber [+] (CI=80) 
Mildly deteriorated on 5% of the 
count. The trim pieces on sides of 
sashes are missing and most of the 
divider stiles have come detached. 
2/6/2019: Green [–] (CI=88) 
Tiles are in fair condition. 
 
 The itemset studied in this building is between the antecedent {B202001 WINDOWS - 
Aluminum Windows} and consequent {C303001 ACOUSTICAL CEILING TILES & PANELS – 
Unknown} which has a confidence rating of 91.8%.  There are three (3) itemset pairs for this 
association in the building which have an identical inspection history across all three sections 
which are separated by floor of the building. The antecedent inspection history presents a case 
that the considerable degradation in condition between 2018 and 2019 may be due to some sort 
of manufacturing defect or design since all 370 windows on all three floors of the building have 
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the same distress of a trim piece missing and most divider stiles becoming detached. This case 
study illustrates a strong case that the consequent ceiling tiles are in danger of further 
deterioration based on the 91.8% confidence rating of negative effective deterioration between 
the components. It is probable that a minor modification or repair to the 370 antecedent window 
components could prevent further deterioration of all the consequent ceiling tile components 
valued at nearly $275,000. The following time based graph in Figure 31 shows the interaction of 
the inspection data points between the components in this itemset. 
 
Figure 31. Inspection Condition Index by Date ({B202001 WINDOWS - Aluminum Windows}  {C303001 








5.3.3 Inter-System B20C30 Case Study: Recreation Center (4,165 SF) 
The third inter-system case study is a golf clubhouse located at an Air Force Base in 
South Dakota, USA which was constructed in 1989 and has a footprint of 4,165 square feet. This 
case study demonstrates one (1) antecedent component with three (3) related consequent 
components which varies from the previous case studies. The antecedent and consequent 
component summary along with inspection details are summarized in Table 21. 
Table 21. Inter-System Case Study 5.3.3 Component and Inspection Summary 
 Antecedents Consequents 
supp = 1.50% 
conf = 88.00% 
B202001 WINDOWS - Vinyl Clad 
Windows 
C302001 TILE FLOOR FINISHES 
- Ceramic Tile 
Year Installed 1989 1989 
Quantity 17 Each (4’x4’) 451 Square Feet 
Replacement Cost $18,901 $12,975 
Inspection History 9/18/2015: Amber (CI=71) 
Three broken window panes in 
upstairs concession area.  
7/20/2018: Red (CI=30) 
Three broken and deteriorated 
windows. Appears to be water 
leakage due to broken and 
deteriorated panes. 
9/18/2015: Green [-] (CI=88) 
Good condition 
7/20/2018: Amber [+] (CI=80) 
Water stained due to adjacent window 
damage in upstairs concession area. 
supp = 1.40% 
conf = 90.90% 
 C302004 RESILIENT FLOOR 
FINISHES - Composition Sheet 
Year Installed  1989 
Quantity  893 Square Feet 
Replacement Cost  $3,964 
Inspection History  9/18/2015: Green [-] (CI=88) 
Good condition 
7/20/2018: Amber [+] (CI=80) 
Water stained due to adjacent window 
damage in upstairs concession area. 
Slight water damage 
supp = 1.30% 
conf = 91.30% 
 C303001 ACOUSTICAL CEILING 
TILES & PANELS – Unknown 
Year Installed  1989 
Quantity  2,000 Square Feet 





Table 21 cont 
Inspection History  9/18/2015: Green (CI=95) 
Great condition 
7/20/2018: Amber [-] (CI=61) 
Minor water damage stains to 
approximately 25% of the ceiling tile 
in upstairs concession area. 
 
 The one-to-many itemset studied in this building is {B202001 WINDOWS – Vinyl Clad 
Windows}  {C302001 TILE FLOOR FINISHES – Ceramic Tile; C302004 RESILIENT FLOOR 
FINISHES – Composition Sheet; C303001 ACOUSTICAL CEILING TILES & PANELS – 
Unknown}. The antecedent inspection history for the vinyl clad window indicates the beginning 
of a critical defect in 2015 with three (3) broken window panes in the section of 17 total 
windows. Three (3) years later in 2018, the initial antecedent distress has not been remediated 
and has caused the section to significantly degrade to a very low inspection rating. The 2018 
inspection comments notes water damage and extensive deterioration due to these defects. The 
flooring finish consequent components show a slight inspection condition drop between 2015 
and 2018, whereas the acoustical ceiling tile consequent component displays a much greater drop 
in condition during that timeframe. This case study characterizes a strong illustration of the high 
confidence rating of negative effective deterioration for the referenced itemsets. The consequent 
flooring finishes are clearly affected by the antecedent window deterioration. However, the less 
resilient acoustical ceiling tile antecedent component is affected more adversely. Although this 
would be expected, the quantification of this relationship is exposed in this case study. The chart 




Figure 32. Inspection Condition Index by Date ({B202001 WINDOWS – Vinyl Clad Windows}  {C302001 TILE 
FLOOR FINISHES – Ceramic Tile; C302004 RESILIENT FLOOR FINISHES – Composition Sheet; C303001 















5.4 Inspection Schedule Case Study 
A full baseline facility condition assessment including a team of engineers or subject 
matter experts can cost anywhere between $0.06 and $1.50 per square foot of facility (Bartels, 
2014). This cost has a wide variance based on building type, location and other scope 
requirements. For follow on re-assessments, organizations typically re-inspect all the 
components in the building at a cyclical time interval such as every two to three years. There are 
some tools in place which can reduce the resources required for re-assessments such as 
Knowledge Based Inspections (KBI). The KBI methodology can generate a schedule of what 
components require an inspection and when that inspection is suggested to occur. The KBI 
methodology can reduce the resources for re-assessment by only re-inspecting mission critical or 
condition critical components within a facility instead of arbitrarily re-inspecting all the 
components (Uzarski, Grussing, & Clayton, 2007). 
Although techniques such as KBI can reduce the required resources for follow on 
assessments, these inspections are still based on traditional methods which do not account for 
accumulated deterioration in other components. A new knowledge-based inspection process 
using the frequent pattern analysis methodology presented in this research can be applied. This 
case study will determine a list of consequent components in a facility which are suggested to be 
physically inspected based on the predicted assumption of the antecedent components being in a 
negative effective deterioration (NED) state. The consequent components suggested to be 
inspected can either be in a negative or positive effective deterioration state, whereas the 
antecedent components are only in a NED state. 
It was previously stated that a facility condition assessment has a wide cost variance 
between $0.06 and $1.50 per square foot. Therefore, this case study will focus on an overall 
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inspection cost savings in terms of the weighted average of the component replacement values 
versus the cost of a full inspection of all the components in a building. For this frequent pattern 
based inspection schedule, it is assumed that if a component is calculated to be in a NED state 
already, then it should be included in the inspection schedule due to being in more of a critical 
state from accelerated deterioration in reference to the expected design life. In addition to 
components already being in a NED state, the frequent itemsets will be used to predict 
consequent components which are in a positive effective deterioration state (performing better 
than the expected design life), but have a high support and confidence from accumulated 
deterioration in antecedent components.  
For the consequent components in a positive effective deterioration (PED) state, the 
antecedent frequent itemsets will only be used with a relatively high support and confidence 
metrics from the association rule mining results. Only frequent itemsets with a supp greater than 
or equal to 5% and a conf greater than or equal to 75% will be used. This dataset consists of 570 
frequent itemsets meeting this criteria and is visually depicted in Figure 33. Two (2) facilities 
will be analyzed in this section of the case study from two (2) very common facility analysis 
category (FAC) groups: 
• FAC 2191 – Facility Engineer Maintenance Shop 




Figure 33. Inspection Schedule Case Study Frequent Itemsets with supp >= 5% and conf >= 75% 
5.4.1 Facility Analysis Category 2191 – Facility Engineer Maintenance Shop 
The building used in the first inspection schedule case study has building level attributes 








Table 22. Inspection Schedule 5.4.1 Building Attribute Summary 
Attribute Value 
Building Condition Index 91.2 
Building Square Footage 15,866 
Year Constructed 2006 
Component Replacement Value Total $3,149,279 
Component Replacement Value Total (NED State Only) $1,106,812 
 
Furthermore, Figure 34 and Table 23 represents where there are NED state antecedent 
components and PED state consequent components within this building.  
 




Table 23. Inspection Schedule Case Study 5.4.1 - FAC Group 2191 Frequent Itemsets 
Antecedent Consequent supp conf 
C102001 STANDARD INTERIOR 
DOORS - Wood Door/Metal Frame 
B102001 STRUCTURAL 
FRAME - General 
5.10% 76.90% 
C102001 STANDARD INTERIOR 
DOORS - Wood Door/Metal Frame 
B102003 ROOF DECKS 
AND SLABS - General 
7.60% 82.60% 
C103009 CABINETS - General D201004 SINKS - Kitchen 
Sink 
10.70% 81.40% 
C103009 CABINETS - General B102003 ROOF DECKS 
AND SLABS - General 
7.80% 84.10% 
D502001 BRANCH WIRING - General B102001 STRUCTURAL 
FRAME - General 
5.80% 76.60% 
D502001 BRANCH WIRING - General B102003 ROOF DECKS 
AND SLABS - General 
8.60% 76.40% 
 
Based on this additional inspection requirement for the PED state components with a high 
confidence of being affected by NED state component frequent itemsets, Table 24 shows the 
final results for this building study. 
Table 24. Inspection Schedule 5.4.1 Building Component Replacement Value Summary 
Attribute Value 
Component Replacement Value Total $3,149,279 
Component Replacement Value Total (NED State Only) $1,106,812 
Component Replacement Value Total (PED Consequent Components) $   728,484 
 In conclusion, based on the inspection schedule requirements for this building weighted 
on the component replacement values, the percentage of the building requiring a physical 
inspection can be calculated as: 
𝐼𝐼𝑐𝑐𝑠𝑠𝑠𝑠𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐 𝑅𝑅𝐼𝐼𝑅𝑅𝑠𝑠𝐼𝐼𝑅𝑅𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 =
𝐶𝐶𝑐𝑐𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝐼𝐼𝑐𝑐𝐼𝐼 𝑅𝑅𝐼𝐼𝑠𝑠𝑅𝑅𝑅𝑅𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 𝑉𝑉𝑅𝑅𝑅𝑅𝑠𝑠𝐼𝐼 (𝑁𝑁𝑁𝑁𝐷𝐷 + 𝑃𝑃𝑁𝑁𝐷𝐷 𝐶𝐶𝑐𝑐𝑐𝑐𝑠𝑠𝐼𝐼𝑅𝑅𝑠𝑠𝐼𝐼𝑐𝑐𝐼𝐼)
𝐶𝐶𝑐𝑐𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝐼𝐼𝑐𝑐𝐼𝐼 𝑅𝑅𝐼𝐼𝑠𝑠𝑅𝑅𝑅𝑅𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 𝑉𝑉𝑅𝑅𝑅𝑅𝑠𝑠𝐼𝐼 (𝑇𝑇𝑐𝑐𝐼𝐼𝑅𝑅𝑅𝑅)
 
𝐼𝐼𝑐𝑐𝑠𝑠𝑠𝑠𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐 𝑅𝑅𝐼𝐼𝑅𝑅𝑠𝑠𝐼𝐼𝑅𝑅𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 = $1,106,812+$728,484
$3,149,279
 = 58.28% 
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Therefore, this calculated inspection requirement correlates to an inspection savings of 41.72% 
in comparison to the inspection requirement of assessing 100% of the building. Conservatively, 
if the inspection rate of $0.06 per square foot is used, the cost savings for this specific building is 
$397 by using this inspection scheduling optimization based on NED states and the frequent 
itemset analysis results. To estimate an impact at the enterprise level for the US Air Force, an 
interpolated savings against all 1,397 buildings belonging to this FAC group (2191 – Facility 
Engineer Maintenance Shop) totals an overall potential savings of $283,422.  
5.4.2 Facility Analysis Category 6102 – Large Unit Headquarters Building 
The building used in the first inspection schedule case study has building level attributes 
as seen in Table 25. 
Table 25. Inspection Schedule 5.4.2 Building Attribute Summary 
Attribute Value 
Building Condition Index 93.1 
Building Square Footage 15,674 
Year Constructed / Major Renovation 1943 / 2006 
Component Replacement Value Total $7,353,316 
Component Replacement Value Total (NED State Only) $1,931,249 
 
Furthermore, Figure 35 and Table 26 represent where there are NED state antecedent 


















Table 26. Inspection Schedule Case Study 5.4.1 - FAC Group 6102 Frequent Itemsets 
Antecedent Consequent supp conf 
C102001 STANDARD INTERIOR 
DOORS - Wood Door/Metal Frame 
A101001 WALL 
FOUNDATIONS - Foundation 
Wall 
7.30% 75.30% 
C302001 TILE FLOOR FINISHES - 
Ceramic Tile 
D203001 WASTE PIPE & 
FITTINGS - General 
10.90% 79.80% 
C302001 TILE FLOOR FINISHES - 
Ceramic Tile 
A101001 WALL 
FOUNDATIONS - Foundation 
Wall 
7.00% 76.80% 
C302001 TILE FLOOR FINISHES - 
Ceramic Tile 
A103001 STANDARD SLAB 
ON GRADE - General 
13.50% 75.40% 
D201004 SINKS - Kitchen Sink A101001 WALL 
FOUNDATIONS - Foundation 
Wall 
7.00% 77.60% 
C301004 TILE & TERRAZZO WALL 
FINISHES - Tile 
D203001 WASTE PIPE & 
FITTINGS - General 
10.50% 83.60% 
C301004 TILE & TERRAZZO WALL 
FINISHES - Tile 
A101001 WALL 
FOUNDATIONS - Foundation 
Wall 
7.30% 75.60% 
C301004 TILE & TERRAZZO WALL 
FINISHES - Tile 
A103001 STANDARD SLAB 
ON GRADE - General 
12.40% 78.40% 
 
Based on this additional inspection requirement for the PED state components with a high 
confidence of being affected by NED state component frequent itemsets, Table 27 shows the 
final results for this building study. 
Table 27. Inspection Schedule 5.4.2 Building Component Replacement Value Summary 
Attribute Value 
Component Replacement Value Total $7,353,316 
Component Replacement Value Total (NED State Only) $1,931,249 
Component Replacement Value Total (PED Consequent Components) $    280,105 
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 In conclusion, based on the inspection schedule requirements for this building weighted 
on the component replacement values, the percentage of the building requiring a physical 
inspection can be calculated as: 
𝐼𝐼𝑐𝑐𝑠𝑠𝑠𝑠𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐 𝑅𝑅𝐼𝐼𝑅𝑅𝑠𝑠𝐼𝐼𝑅𝑅𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 =
𝐶𝐶𝑐𝑐𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝐼𝐼𝑐𝑐𝐼𝐼 𝑅𝑅𝐼𝐼𝑠𝑠𝑅𝑅𝑅𝑅𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 𝑉𝑉𝑅𝑅𝑅𝑅𝑠𝑠𝐼𝐼 (𝑁𝑁𝑁𝑁𝐷𝐷 + 𝑃𝑃𝑁𝑁𝐷𝐷 𝐶𝐶𝑐𝑐𝑐𝑐𝑠𝑠𝐼𝐼𝑅𝑅𝑠𝑠𝐼𝐼𝑐𝑐𝐼𝐼)
𝐶𝐶𝑐𝑐𝑒𝑒𝑠𝑠𝑐𝑐𝑐𝑐𝐼𝐼𝑐𝑐𝐼𝐼 𝑅𝑅𝐼𝐼𝑠𝑠𝑅𝑅𝑅𝑅𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 𝑉𝑉𝑅𝑅𝑅𝑅𝑠𝑠𝐼𝐼 (𝑇𝑇𝑐𝑐𝐼𝐼𝑅𝑅𝑅𝑅)
 
𝐼𝐼𝑐𝑐𝑠𝑠𝑠𝑠𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑐𝑐 𝑅𝑅𝐼𝐼𝑅𝑅𝑠𝑠𝐼𝐼𝑅𝑅𝐼𝐼𝑒𝑒𝐼𝐼𝑐𝑐𝐼𝐼 = $1,931,249+$280,105
$7,353,316
 = 30.07% 
Therefore, this calculated inspection requirement correlates to an inspection savings of 69.93% 
in comparison to the inspection requirement of assessing 100% of the building. Conservatively, 
if the inspection rate of $0.06 per square foot is used, the cost savings for this specific building is 
$658 by using this inspection scheduling optimization based on NED states and the frequent 
itemset analysis results. To estimate an impact at the enterprise level for the US Air Force, an 
interpolated savings against all 531 buildings belonging to this FAC group (6102 – Large Unit 





CHAPTER 6 –VERIFICATION AND VALIDATION 
 
6.1 Correctness and Verification 
According to a study of a generalized approach to verification and validation in 
development of a model, the definition of verification was given as: 
“Model verification is the process of demonstrating that a model is correctly represented and was 
transformed correctly from one representation form into another, according to all transformation 
and representation rules, requirements, and constraints.” (Brade, 2004)  
For this research, two independent approaches to the SQL association rule mining were 
developed. The main model approach uses a series of SQL views which are nothing more than 
stored SQL queries. This process is very efficient and optimized, which makes it possible to run 
the association rule mining against an entire database of facility condition assessment data in a 
matter of minutes. This process was described in detail in the methodology section of this 
dissertation. The independent verification process for this research used a technique involving a 
SQL stored procedure. A stored procedure was required because this process mined the frequent 
pattern associations building by building and component by component using a loop procedure. 
Due to the thorough looping process, this stored procedure technique was found to take up to 
eight (8) hours depending on the size of the database. The final results of the verification process 
for this research was a 100% correctness match between the SQL views main methodology and 






6.1.1 Baseline Dataset for Components with Negative Effective Deterioration 
The dataset used in the first step of the verification process is the same dataset which was 
the result of the pre-cleaning step in the methodology chapter of this dissertation. This SQL view 
is called “ComponentMiner” which joins the source data together from the Facility level down to 
the individual inventory components within each facility. Furthermore, this SQL view calculates 
a new column for Effective Deterioration and filters down to only the components with Negative 
Effective Deterioration in the final WHERE clause of the statement. The design view of the pre-
cleaning query is shown in Figure 36. 
 
Figure 36. Design View Structure of the ComponentMiner SQL View 
The full SQL view for ComponentMiner can be seen in the following statement. This view 
selects certain columns, calculates the effective deterioration, joins by all the needed tables from 
the data hierarchy, and filters down on negative effective deterioration with the WHERE clause. 
CREATE VIEW ComponentMiner AS 
SELECT distinct dbo.Facility.Facility_ID AS FacilityID 
 , dbo.RO_Usetype.DODLink AS FAC 
 , dbo.Component_Section.SEC_CMC_LINK AS CMC 
 , dbo.Component_Section.SEC_REMAIN_LIFE AS RSL 
 , RSV.Catalog.DesignLife 
 , 2020 - dbo.Component_Section.SEC_YEAR_BUILT AS Age_Actual 
, (CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) AS Age_Actual_Percentage 
 , RSV.Catalog.DesignLife - dbo.Component_Section.SEC_REMAIN_LIFE AS Age_Effective 
, (RSV.Catalog.DesignLife - dbo.Component_Section.SEC_REMAIN_LIFE) / 
RSV.Catalog.DesignLife AS Age_Effective_Percentage 
, (CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 





FROM   dbo.RO_CMC INNER JOIN 
       dbo.Component_Section INNER JOIN 
dbo.System_Component ON dbo.Component_Section.SEC_SYS_COMP_ID = 
dbo.System_Component.SYS_COMP_ID ON dbo.RO_CMC.CMC_ID = 
dbo.Component_Section.SEC_CMC_LINK INNER JOIN 
       dbo.RO_Component ON dbo.RO_CMC.CMC_COMP_UII_LINK = dbo.RO_Component.COMP_ID  
INNER JOIN dbo.Facility INNER JOIN 
dbo.Building_System ON dbo.Facility.Facility_ID = 
dbo.Building_System.BLDG_SYS_BLDG_ID INNER JOIN 
dbo.RO_Usetype ON dbo.Facility.CategoryCode_Link = dbo.RO_Usetype.USETYPE_ID ON 
dbo.System_Component.SYS_COMP_BLDG_SYS_ID = dbo.Building_System.BLDG_SYS_ID INNER 
JOIN RSV.Catalog ON dbo.Component_Section.SEC_CMC_LINK = RSV.Catalog.CMC  
    
WHERE         
((CAST(2020 AS float) - CAST(dbo.Component_Section.SEC_YEAR_BUILT AS float)) / 
CAST(RSV.Catalog.DesignLife AS float) - (RSV.Catalog.DesignLife - 
dbo.Component_Section.SEC_REMAIN_LIFE) / RSV.Catalog.DesignLife) < 0 
 
6.1.2 Calculating all the Facility and Catalog Component Combinations 
After the pre-cleaned and filtered dataset is developed in the ComponentMiner query, the 
table structure to store all the Facility and catalog component combinations is built out. The first 
step is creating a table called Frequent which is an empty shell to store unique Facility ID 
numbers and unique catalog IDs called CMC IDs. The CMC is a unique catalog item made up of 
a combination of a Component, Material Category, and Component Type. The SQL statement 
for this step is: 
CREATE TABLE Frequent ( 
 Facility_ID nvarchar(36), 
CMC INT); 
The Frequent table is then populated with all the Facility ID and CMC combinations from the 
ComponentMiner query. The other procedure that is happening is this step is the filtering out of 
any components not meeting the minimum support (minsupp) criteria. The minsupp was set to 
only include CMC IDs (catalog items) that are part of the database inventory with a frequency of 
at least 1,000. Setting a minimum support criteria is common practice in association rule mining 
which not only provides validity by filtering out low events, but also augments efficiency in 
follow on steps by filtering out the more insignificant catalog items. The SQL statement to 
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populate all the distinct Facility and catalog item combinations meeting the minimum support 
criteria can be written as: 
INSERT INTO Frequent (Facility_ID, CMC) 
SELECT ComponentMiner.FacilityID, ComponentMiner.CMC FROM ComponentMiner, minsupp 
WHERE ComponentMiner.CMC = minsupp.CMC 
A sampling of the output of this step is seen in Table 28. 






6.1.3 Calculating All Possible Frequent Itemset Combinations 
The next step is to create a table called “FI” which creates all the possible frequent 
itemset combinations in the database. After the frequent itemset table is populated, delete 
statements create a filter to ensure itemset combinations are distinct and that itemset 
combinations exist in the database from the previous step. The SQL statements to calculate all 
possible frequent itemset combinations can be seen as: 
SELECT C1.CMC_ID AS ComponentA,  
C2.CMC_ID AS ComponentB, 
CASE WHEN C1.CMC_ID > C2.CMC_ID  
THEN CONCAT(C1.CMC_ID,'_',C2.CMC_ID)  
ELSE 'X' END AS Itemset,  
0 AS Frequency 
INTO FI 
FROM ROCMC C1, ROCMC C2 
WHERE C1.CMC_ID IS NOT NULL 
AND C2.CMC_ID IS NOT NULL 
AND C1.CMC_ID<>C2.CMC_ID 
 
DELETE FROM FI 
WHERE Itemset ='X' 
DELETE FROM FI 
WHERE ComponentA NOT IN (SELECT CMC FROM Frequent); 
123 
 
A sample record from this step can be seen in Table 29. The Frequency column for this output is 
zero for all frequent itemset combinations. 
Table 29. Sample Record from the Frequent Itemset Combination Procedure 
ComponentA ComponentB Itemset Frequency 
21412 21350 21412_21350 0 
 
6.1.4 Procedure to Count All Frequent Itemset Combinations 
The final verification step is to create and run a SQL stored procedure which counts the 
frequency occurrences of each itemset within each building. This procedure runs through each 
itemset line by line and takes a considerable amount of time between four and eight hours in 
testing. 
CREATE PROCEDURE FI_Calc 
WITH RECOMPILE  
AS 
DECLARE @componentA as INT 
DECLARE @componentB as INT 
DECLARE c_FI CURSOR fast_forward 
FOR 
SELECT ComponentA, ComponentB FROM FI 
OPEN c_FI 
FETCH NEXT FROM c_FI INTO @componentA,@componentB 
WHILE @@fetch_status=0 
 BEGIN 
  UPDATE FI 
  SET Frequency = (SELECT COUNT(*) FROM  
   (SELECT Facility_ID FROM Frequent 
   WHERE CMC = @componentA 
   INTERSECT 
   SELECT Facility_ID FROM Frequent 
   WHERE CMC = @componentB) FI_temp) 
  WHERE ComponentA=@componentA 
  AND ComponentB=@componentB 
  --OPTION(RECOMPILE) 
  OPTION (OPTIMIZE FOR (@componentA UNKNOWN, @componentB UNKNOWN)) 






The output from this final verification step is the count of all the frequent itemset combinations 
of catalog items in the database which have negative effective deterioration and have met the 
minimum support criteria. The results from this verification stored procedure provide verification 
to the main methodology used in the research. A sampling from the final verification step can be 
seen in Table 30. 
Table 30. Sampling Output from SQL Stored Procedure used in Verification Process 
ComponentA ComponentB Itemset Frequency 
21350 21347 21350_21347 1942 
40124 23150 40124_23150 95 
40124 21351 40124_21351 11 
 
6.2 Suitability and Validation 
The definition of validation in terms of data modeling is: 
“Model validation is the process of demonstrating that a model and its behavior are suitable 
representations of the real system and its behavior with respect to an intended purpose of model 
application.” (Brade, 2004)  
 This section discusses the process used to ensure the predicted results adequately match 
the observed and queried results. A regression analysis was used to perform validation on two 
additional SMS BUILDER datasets from other organizations. The US Air Force (USAF) dataset 
used in the methodology and case studies was utilized as a training dataset for the validation 
model. The US Army (USA) and the US Marine Corps (USMC) databases were supplied and 
used as the testing datasets for the regression analysis based on the USAF model training dataset. 
To validate the research, the frequent itemset predictions developed in this dissertation for the 
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USAF training dataset were applied against the entire set of itemset combination for the USA 
and the USMC datasets. This method was used to compare the number of components predicted 
to display negative effective deterioration (NED) based on the itemset and whether the actual 
observed count of components were in a NED state. Using this comparison of data, a regression 
statistical test was used to test the hypothesis that the observed NED state for both the USA and 
USMC is consistent with what is predicted by the frequent pattern analysis results from the 
USAF. The regression statistical test used was the calculation of the Pearson’s Correlation 
Coefficient, or what is commonly referred to as R. The Pearson’s Correlation Coefficient 
calculation is a statistics test which measures the association between two continuous variables. 
It is known as the best method for assuring the association between two variables due to being 
based on the method of covariance. 
The equation for Pearson’s Correlation Coefficient can be computed by: 
𝑅𝑅 =  𝑞𝑞 (∑ 𝑥𝑥𝑞𝑞)−(∑ 𝑥𝑥)(∑ 𝑞𝑞)
�[𝑞𝑞 ∑ 𝑥𝑥2−(∑ 𝑥𝑥)2][𝑞𝑞 ∑ 𝑞𝑞2−(∑ 𝑞𝑞)2]
       (10) 
The result of the correlation coefficient is a value between -1 and 1. A value of 1 means that for 
every positive increase in one variable, there is a positive increase of a fixed proportion in 
another. A value of -1 means that for every positive increase in one variable, there is a negative 
decrease in one variable. A value of 0 means that for every increase there is not a positive or 
negative increase and the two values are not related. 
 Furthermore, an R-squared statistical measure was calculated to measure how close the 
data is to the fitted regression line. The R-squared measure is known as the coefficient of 
determination, or the coefficient of multiple determination for multiple regression. The R-
squared metric is always between 0 and 1, where 0 indicates that the model explains none of the 
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variability of the response data around its mean, and 1 indicates that the model explains all the 
variability of the response data around the mean.  
Testing the model's predictability against two completely different datasets provides a 
significant validation of the training results. The results show a high correlation that there is 
consistent systematic error between predicted and actual the observed results.   
6.2.1 Validation against the US Army Dataset 
As of February 2020, the US Army is approximately 40% complete with their 
implementation of the SMS BUILDER condition assessment application for their building 
inventory. The record counts in the USA database are in Table 31. 
Table 31. Validation Record Counts in SMS BUILDER Database for US Army 




Square Footage 326.9M 
Plant Replacement Value $98.8B 
Unique Catalog Components (CMC) 2,858 
 
Within the 28,074 buildings which have implemented condition assessment data for the USA, 
there are 28,726 frequent itemsets which intersect with the USAF training dataset. The 
regression line has for this intersection has a formula of y = -22.46 + 0.67x, with a correlation 
coefficient of 0.91 when analyzing the dataset as a whole. The R-squared metric is calculated as 
0.84 for this validation test. Both the correlation coefficient and the R-squared metrics indicate a 
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very strong association and validation of the USAF testing model. Because the slope of the 
regression line is less than 1.0 (slope = 0.67), the validation against the testing data predicted less 
NED than was actually observed when looking across all the components in general. However, 
the high correlation means that the variation was consistent. This is likely due to differences in 
the assessment approaches between the USAF and USA, or could be due to differences in the 
general age or condition of the buildings in the two datasets. The average age of the buildings in 
the USAF instance is 38 years, whereas the USA instance is 47 years. If the y-intercept is held at 
0 when calculating the regression line, the slope = 0.66 and the R-squared metric remains at 0.84.   
 
 
Figure 37. Predicted vs Observed Validation Results for the US Army Testing Dataset 
The predicted and observed testing data was then analyzed by the antecedent systems, 
where the correlation coefficient and R-squared metrics were calculated within the smaller 
datasets which were partitioned on the antecedent systems. The correlation coefficients ranged 
from 0.88 to 0.95 within the antecedent systems, which all still correspond to a very strong 
association metric. The strongest antecedent system was A10 Foundations meaning this system 
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had the strongest correlation to the training model dataset antecedent system. Since the A10 
Foundations system is the literal foundation of every building, this is a significant validation 
where the impact of the A10 Foundations system components has the strongest association 
between the training and testing dataset. The weakest antecedent system was D40 Fire 
Protection. This validation also makes sense since fire protection systems should not have a 
strong correlation or effect on other building systems. The results of the partitioning by 
antecedent system can be seen in Figure 38. 
 








6.2.2 Validation against the US Marine Corps Dataset 
As of February 2020, the US Marine Corps (USMC) is 100% complete with their 
implementation of the SMS BUILDER condition assessment application for their building 
inventory and have completed at least one (1) re-assessment at each of the USMC installations. 
The USMC dataset is smaller than the USAF or USA, but provides assessment data including 
multiple assessments of individual components. The record counts in the USMC database are 
seen in Table 32. 
Table 32. Validation Record Counts in SMS BUILDER Database for US Army 




Square Footage 140.3M 
Plant Replacement Value $63.6B 
Unique Catalog Components (CMC) 2,103 
 
Within the 12,964 buildings which have implemented condition assessment data for the USMC, 
there are 10,830 frequent itemsets which intersect with the USAF training dataset. The 
regression line has for this intersection has a formula of y = -13.49 + 0.73x, with a correlation 
coefficient of 0.90 when analyzing the dataset as a whole. The R-squared metric is calculated as 
0.82 for this validation test. Both the correlation coefficient and the R-squared metrics indicate a 
very strong association and validation of the USAF testing model. Because the slope of the 
regression line is less than 1.0 (slope = 0.73), the validation against the testing data predicted less 
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NED than was actually observed when looking across all the components in general. However, 
the high correlation means that the variation was consistent. This is likely due to differences in 
the assessment approaches between the USAF and USMC, or could be due to differences in the 
general age or condition of the buildings in the two datasets. The average age of the buildings in 
the USAF instance and the USMC instance is fairly consistent around 38 years. However, the 
assessment approaches and implementation approaches between the USAF and USMC have 
differences that are likely significant. The USMC implementation was a much more thorough set 
of building inspections by completely different contractors involved with the USAF 
implementation. If the y-intercept is held at 0 when calculating the regression line, the slope = 
0.72 and the R-squared metric remains at 0.82.   
 
Figure 39. Predicted vs Observed Validation Results for the US Marine Corps Testing Dataset 
The predicted and observed testing data was then analyzed by the antecedent systems, 
where the correlation coefficient and R-squared metrics were calculated within the smaller 
datasets which were partitioned on the antecedent systems. The correlation coefficients ranged 
from 0.84 to 0.94 within the antecedent systems, which all still correspond to a very strong 
131 
 
association metric. The strongest antecedent system was again A10 Foundations, as it was in the 
validation test against the USA dataset, meaning this system had the strongest correlation to the 
training model dataset antecedent system. With this antecedent system being the strongest 
correlation in two disparate dataset validations, this is extremely significant to the validation of 
this antecedent system. The weakest antecedent system was B30 Roofing. This is likely due to 
the varied scope of work statements between organizations regarding how to address to roof 
assessments. Regardless, a correlation coefficient of 0.84 is still considered a very strong 
correlation.  
 
Figure 40. Predicted vs Observed Validation Results by Antecedent System for the US Marine Corps Testing Dataset 
In summary, the correlation statistic can be pointed to as a validation of the model's 
consistency. The slope of the regression line can identify systematic differences between the 
datasets, and might also be something which can act as a potential way of calibrating the model 
to a different dataset. 
132 
 
CHAPTER 7 –CONTRIBUTIONS AND FUTURE RESEARCH 
7.1 Contributions to the Building Asset Management Body of Knowledge 
By using the actual age, the design life and the predicted remaining service life for a 
particular component, the concept of “effective deterioration” was developed. This new metric 
indicates where components are aging as expected, performing better than expected or 
effectively deteriorating faster than expected. 
A new methodology and approach to work optimization was developed based on a 
network-level approach to analyzing building components. The effect of negative effective 
deterioration of antecedent components on consequent components is analyzed regardless of 
whether the components are physically connected. This network of components highlights 
critical junctures and acts as an impact map of building components. 
A dynamic association rule mining algorithm was developed which is based on the 
combination of inspection distresses and component inventory attributes and classifications. This 
process allows efficient prioritization results based on targeted distresses of desired components. 
Furthermore, these dynamic associations provide a framework for a new knowledge based 
inspection algorithm which can greatly reduce the resources required for re-assessments in 









 7.2 Research Impact 
The impact of this research will improve building work planning and prioritization to 
incorporate the effect of negative effective deterioration across system boundaries. This analysis 
has the potential to be applied to the Department of Defense’s 2.2 billion square foot building 
inventory portfolio which has an asset replacement value of approximately $705 billion. By 
doing this, the long term deferred deficiency backlog can be reduced by the prevention of future 
deterioration of consequent components based on the antecedent deterioration states. 
The use of condition assessment inspection resources can also be optimized by using the 
negative effective deterioration model to make knowledge based decisions on what components 
actually require a re-inspection. The inspection process could be optimized with the association 
rules developed in this research so that only a portion of building component inventory is 
assessed.  An algorithm can be applied to the remaining inventory to calculate predicted 
condition states based on the confidence and support metrics from the association rule mining. 
This research could also have an impact on disaster response for roof damage. The 
impact of roof damage and other associated components can now be quantified based on the 
methodology introduced in this research.  
Lastly, the association rule model from this research can be processed through numerous 
other enterprise scale organizations outside the Department of Defense (DoD). Although the 
DoD is the largest portion of the federal government accounting for 57%, the entire federal 
building footprint totals approximately 3 billion square feet. Furthermore, non-federal enterprise 
scale organizations such as municipalities, higher education campuses, and large corporations 




7.3 Future Research Work 
7.3.1 Time Based Association Rule Mining 
A logical next iteration of this research would be to intersect the association rule mining 
with time based prediction algorithms. Therefore, the impact network map of frequent itemsets, 
from this research could dynamically shift over time when intersected with a long term condition 
prediction scenario or analysis from other work. Furthermore, various levels of negative effective 
deterioration (NED) could be analyzed with the association rule mining and possibly 
implementing a fuzzy number approach to these NED levels.   
7.3.2 Knowledge Based Inspection Algorithm 
A knowledge-based condition survey inspection method and algorithm was developed by 
the US Army Corps of Engineers over a decade ago (Uzarski et al., 2007). This model predicted 
what components require an inspection by various metrics surrounding five (5) zones of the 
component lifecycle. Organizations can set how many inspections they require in each zone, 
maximum intervals between inspections, and settings for degradation factors. If aspects of this 
existing knowledge-based process were intersected with an association rule frequent mining 
approach from this research, organizations may be able to save more resources and assessment 
budgets during cyclical re-inspection processes. 
Another application of this concept is the optimization of sensor placement within a 
building. Sensor placement would be based on the critical component nodes from this research 
and condition states for correlated components could be inferred based on the itemset pairs. 
7.3.3 Exterior Envelope and Roofing Specific Analysis for Disaster Response 
Disaster response for events such as hurricanes, tsunamis, earthquakes, and tornados 
often require assessments of thousands of buildings. These assessments begin with rapid roof and 
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exterior envelope inspections. Further frequent pattern analysis can be research which is more 
specific to the frequent patterns of accumulated deterioration of roofing and exterior envelope 
components on all the building components which the assessors may not have the luxury of 
getting eyes on. This would provide a quantification of potential deterioration on building 
components based on the rapid assessment of the exterior of the building. This research could be 
performed by various building categories in order to cover the broad spectrum of facility types 
the response team encounter. 
7.3.4 Recurrent Neural Network (RNN) Integration 
A recurrent neural network (RNN) is a type of artificial intelligence network algorithm 
where connections between nodes form a directed graph or sequence. Aligning the frequent 
pattern associations from this research with RNN would provide a directed shape or direction of 
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APPENDIX A – FREQUENT ITEMSET ANALYSIS RESULTS WITH SUPPORT >= 10% 
 
Itemset Antecedent Component Consequent Component supp conf 
21624_21439 C301004 TILE & TERRAZZO WALL FINISHES - Tile C302001 TILE FLOOR FINISHES - Ceramic Tile 13.96% 89.15% 
21625_21624 D203001 WASTE PIPE & FITTINGS - General C301004 TILE & TERRAZZO WALL FINISHES - Tile 10.49% 83.58% 
21468_21431 D201004 SINKS - Kitchen Sink C103009 CABINETS - General 10.72% 81.43% 
21625_21439 D203001 WASTE PIPE & FITTINGS - General C302001 TILE FLOOR FINISHES - Ceramic Tile 10.88% 79.84% 
21431_21425 C103009 CABINETS - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
10.52% 79.72% 
21456_21439 C303001 ACOUSTICAL CEILING TILES & PANELS - 
General 
C302001 TILE FLOOR FINISHES - Ceramic Tile 10.12% 78.51% 
41011_21624 A103001 STANDARD SLAB ON GRADE - General C301004 TILE & TERRAZZO WALL FINISHES - Tile 12.38% 78.35% 
21624_21468 C301004 TILE & TERRAZZO WALL FINISHES - Tile D201004 SINKS - Kitchen Sink 11.95% 76.81% 
21605_21431 D502001 BRANCH WIRING - General C103009 CABINETS - General 10.44% 76.44% 
41011_21439 A103001 STANDARD SLAB ON GRADE - General C302001 TILE FLOOR FINISHES - Ceramic Tile 13.54% 75.44% 
21624_21425 C301004 TILE & TERRAZZO WALL FINISHES - Tile C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
12.19% 75.41% 
21624_21601 C301004 TILE & TERRAZZO WALL FINISHES - Tile D502002 LIGHTING EQUIPMENT - Exterior Lighting 10.14% 75.34% 
21624_21605 C301004 TILE & TERRAZZO WALL FINISHES - Tile D502001 BRANCH WIRING - General 12.69% 75.30% 
21605_21439 D502001 BRANCH WIRING - General C302001 TILE FLOOR FINISHES - Ceramic Tile 13.70% 72.35% 
21625_21468 D203001 WASTE PIPE & FITTINGS - General D201004 SINKS - Kitchen Sink 11.85% 72.07% 
40240_21624 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
C301004 TILE & TERRAZZO WALL FINISHES - Tile 10.87% 71.95% 
41011_21625 A103001 STANDARD SLAB ON GRADE - General D203001 WASTE PIPE & FITTINGS - General 10.93% 71.79% 
21431_21421 C103009 CABINETS - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
10.36% 71.26% 
21468_21439 D201004 SINKS - Kitchen Sink C302001 TILE FLOOR FINISHES - Ceramic Tile 13.19% 69.80% 
21624_21421 C301004 TILE & TERRAZZO WALL FINISHES - Tile C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
12.30% 68.71% 
21625_21425 D203001 WASTE PIPE & FITTINGS - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
12.19% 68.63% 
40240_21625 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
D203001 WASTE PIPE & FITTINGS - General 10.81% 68.53% 
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Itemset Antecedent Component Consequent Component supp conf 
21439_21425 C302001 TILE FLOOR FINISHES - Ceramic Tile C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
13.73% 68.36% 
21625_21601 D203001 WASTE PIPE & FITTINGS - General D502002 LIGHTING EQUIPMENT - Exterior Lighting 10.55% 68.25% 
21601_21439 D502002 LIGHTING EQUIPMENT - Exterior Lighting C302001 TILE FLOOR FINISHES - Ceramic Tile 11.26% 67.15% 
41011_21605 A103001 STANDARD SLAB ON GRADE - General D502001 BRANCH WIRING - General 17.07% 66.26% 
21625_21605 D203001 WASTE PIPE & FITTINGS - General D502001 BRANCH WIRING - General 13.92% 64.55% 
40240_21439 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
C302001 TILE FLOOR FINISHES - Ceramic Tile 11.76% 64.42% 
21439_21421 C302001 TILE FLOOR FINISHES - Ceramic Tile C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
14.37% 64.17% 
21624_21395 C301004 TILE & TERRAZZO WALL FINISHES - Tile B202001 WINDOWS - Aluminum Windows 11.72% 64.15% 
41011_21468 A103001 STANDARD SLAB ON GRADE - General D201004 SINKS - Kitchen Sink 12.40% 63.91% 
41011_21425 A103001 STANDARD SLAB ON GRADE - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
13.04% 62.35% 
21625_21421 D203001 WASTE PIPE & FITTINGS - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
12.53% 61.62% 
41011_21601 A103001 STANDARD SLAB ON GRADE - General D502002 LIGHTING EQUIPMENT - Exterior Lighting 12.87% 60.46% 
21624_21452 C301004 TILE & TERRAZZO WALL FINISHES - Tile C302004 RESILIENT FLOOR FINISHES - Vinyl Tile 10.26% 59.99% 
21605_21468 D502001 BRANCH WIRING - General D201004 SINKS - Kitchen Sink 14.68% 59.96% 
21625_21395 D203001 WASTE PIPE & FITTINGS - General B202001 WINDOWS - Aluminum Windows 11.67% 59.01% 
21605_21421 D502001 BRANCH WIRING - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
16.45% 58.12% 
21468_21425 D201004 SINKS - Kitchen Sink C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
16.92% 58.03% 
40240_21601 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
D502002 LIGHTING EQUIPMENT - Exterior Lighting 13.39% 58.01% 
41011_21378 A103001 STANDARD SLAB ON GRADE - General B201001 EXTERIOR CLOSURE - CIP Concrete 10.17% 57.96% 
41011_40240 A103001 STANDARD SLAB ON GRADE - General D401002 FIRE ALARM DEVICES - Detectors with brackets, 
ion detector (smoke) detector 
12.67% 57.91% 
21601_21468 D502002 LIGHTING EQUIPMENT - Exterior Lighting D201004 SINKS - Kitchen Sink 13.79% 57.90% 
21439_21395 C302001 TILE FLOOR FINISHES - Ceramic Tile B202001 WINDOWS - Aluminum Windows 13.71% 57.60% 





Itemset Antecedent Component Consequent Component supp conf 
21605_21425 D502001 BRANCH WIRING - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
15.17% 57.06% 
40240_21468 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
D201004 SINKS - Kitchen Sink 14.31% 56.63% 
21605_21601 D502001 BRANCH WIRING - General D502002 LIGHTING EQUIPMENT - Exterior Lighting 14.93% 56.54% 
21601_21425 D502002 LIGHTING EQUIPMENT - Exterior Lighting C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
14.02% 55.30% 
40240_21605 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
D502001 BRANCH WIRING - General 14.18% 54.57% 
41011_21389 A103001 STANDARD SLAB ON GRADE - General B201001 EXTERIOR CLOSURE - Concrete Block 10.69% 52.86% 
41011_21395 A103001 STANDARD SLAB ON GRADE - General B202001 WINDOWS - Aluminum Windows 14.25% 52.33% 
40240_21425 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
14.91% 52.14% 
21468_21421 D201004 SINKS - Kitchen Sink C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
16.61% 51.94% 
21452_21439 C302004 RESILIENT FLOOR FINISHES - Vinyl Tile C302001 TILE FLOOR FINISHES - Ceramic Tile 11.53% 51.44% 
21601_21421 D502002 LIGHTING EQUIPMENT - Exterior Lighting C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
13.84% 51.33% 
21601_21395 D502002 LIGHTING EQUIPMENT - Exterior Lighting B202001 WINDOWS - Aluminum Windows 13.41% 51.13% 
21425_21421 C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
18.43% 51.13% 
21468_21395 D201004 SINKS - Kitchen Sink B202001 WINDOWS - Aluminum Windows 15.46% 50.89% 
21452_21425 C302004 RESILIENT FLOOR FINISHES - Vinyl Tile C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
10.72% 49.74% 
21425_21395 C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
B202001 WINDOWS - Aluminum Windows 16.30% 48.95% 
21605_21395 D502001 BRANCH WIRING - General B202001 WINDOWS - Aluminum Windows 16.42% 47.08% 
41011_21452 A103001 STANDARD SLAB ON GRADE - General C302004 RESILIENT FLOOR FINISHES - Vinyl Tile 10.90% 46.58% 
40240_21421 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
14.95% 46.52% 
21623_21421 C102001 STANDARD INTERIOR DOORS - Metal Door C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
12.57% 45.57% 
21452_21395 C302004 RESILIENT FLOOR FINISHES - Vinyl Tile B202001 WINDOWS - Aluminum Windows 11.36% 45.50% 
21605_21452 D502001 BRANCH WIRING - General C302004 RESILIENT FLOOR FINISHES - Vinyl Tile 10.56% 44.93% 
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Itemset Antecedent Component Consequent Component supp conf 
40240_21395 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
B202001 WINDOWS - Aluminum Windows 14.43% 44.38% 
21421_21395 C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
B202001 WINDOWS - Aluminum Windows 16.84% 43.24% 
21623_21425 C102001 STANDARD INTERIOR DOORS - Metal Door C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
11.22% 40.20% 
21421_21389 C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
B201001 EXTERIOR CLOSURE - Concrete Block 10.19% 39.60% 
21452_21421 C302004 RESILIENT FLOOR FINISHES - Vinyl Tile C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
11.11% 38.48% 
21624_21450 C301004 TILE & TERRAZZO WALL FINISHES - Tile C302005 CARPETING - General 10.16% 35.09% 
21422_21421 C101001 FIXED PARTITIONS - Wall - Concrete Block C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
10.09% 34.88% 
21395_21389 B202001 WINDOWS - Aluminum Windows B201001 EXTERIOR CLOSURE - Concrete Block 10.53% 32.35% 
21450_21439 C302005 CARPETING - General C302001 TILE FLOOR FINISHES - Ceramic Tile 11.27% 32.21% 
21468_21450 D201004 SINKS - Kitchen Sink C302005 CARPETING - General 10.17% 31.92% 
21605_21450 D502001 BRANCH WIRING - General C302005 CARPETING - General 10.46% 31.91% 
21623_21395 C102001 STANDARD INTERIOR DOORS - Metal Door B202001 WINDOWS - Aluminum Windows 10.94% 31.62% 
41011_21450 A103001 STANDARD SLAB ON GRADE - General C302005 CARPETING - General 10.35% 30.68% 
21450_21425 C302005 CARPETING - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
10.56% 29.62% 
21475_21468 D201004 SINKS - Service Sink D201004 SINKS - Kitchen Sink 12.17% 29.15% 
21450_21395 C302005 CARPETING - General B202001 WINDOWS - Aluminum Windows 10.07% 28.58% 
21450_21421 C302005 CARPETING - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
11.22% 27.77% 
21477_21472 D201003 LAVATORIES - General D201005 SHOWERS/TUBS - Shower 10.57% 26.02% 
21479_21472 D201001 WATERCLOSETS - General D201005 SHOWERS/TUBS - Shower 11.36% 25.50% 
21479_21455 D201001 WATERCLOSETS - General C303002 GYPSUM WALLBOARD CEILING FINISHES - 
General 
10.77% 25.41% 
21479_21468 D201001 WATERCLOSETS - General D201004 SINKS - Kitchen Sink 15.41% 25.21% 
21477_21468 D201003 LAVATORIES - General D201004 SINKS - Kitchen Sink 14.28% 24.89% 
21602_21601 D502002 LIGHTING EQUIPMENT - Exit Lighting D502002 LIGHTING EQUIPMENT - Exterior Lighting 10.14% 24.88% 
21479_21477 D201001 WATERCLOSETS - General D201003 LAVATORIES - General 29.86% 24.37% 
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21479_21439 D201001 WATERCLOSETS - General C302001 TILE FLOOR FINISHES - Ceramic Tile 11.09% 23.90% 
21478_21468 D201002 URINALS - General D201004 SINKS - Kitchen Sink 10.65% 23.41% 
40251_40240 D401002 FIRE ALARM DEVICES - Manual pull station D401002 FIRE ALARM DEVICES - Detectors with brackets, 
ion detector (smoke) detector 
12.76% 23.18% 
21475_21425 D201004 SINKS - Service Sink C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
12.92% 23.18% 
21478_21477 D201002 URINALS - General D201003 LAVATORIES - General 20.11% 23.05% 
21477_21439 D201003 LAVATORIES - General C302001 TILE FLOOR FINISHES - Ceramic Tile 10.08% 22.91% 
21479_21478 D201001 WATERCLOSETS - General D201002 URINALS - General 22.13% 22.89% 
44034_40251 D401002 FIRE ALARM DEVICES - Strobe/Annunciator 
Combo 
D401002 FIRE ALARM DEVICES - Manual pull station 14.18% 22.38% 
21477_21456 D201003 LAVATORIES - General C303001 ACOUSTICAL CEILING TILES & PANELS - 
General 
10.61% 21.75% 
21605_21475 D502001 BRANCH WIRING - General D201004 SINKS - Service Sink 10.00% 21.32% 
21479_21456 D201001 WATERCLOSETS - General C303001 ACOUSTICAL CEILING TILES & PANELS - 
General 
11.56% 21.01% 
21475_21395 D201004 SINKS - Service Sink B202001 WINDOWS - Aluminum Windows 11.78% 20.94% 
21477_21475 D201003 LAVATORIES - General D201004 SINKS - Service Sink 15.87% 20.31% 
21479_21475 D201001 WATERCLOSETS - General D201004 SINKS - Service Sink 17.17% 20.30% 
40251_40238 D401002 FIRE ALARM DEVICES - Manual pull station D401002 FIRE ALARM DEVICES - Detectors with brackets, 
fixed temperature heat detector 
10.48% 19.54% 
41011_21479 A103001 STANDARD SLAB ON GRADE - General D201001 WATERCLOSETS - General 10.66% 19.52% 
21409_21407 B301005 GUTTERS & DOWNSPOUTS - Gutters B301005 GUTTERS & DOWNSPOUTS - Downspouts 21.28% 19.35% 
21478_21475 D201002 URINALS - General D201004 SINKS - Service Sink 13.46% 19.23% 
21479_21410 D201001 WATERCLOSETS - General B301001 STEEP SLOPE ROOF SYSTEMS - Formed Metal - 
Metal Standing Seam 
11.26% 18.98% 
21479_21399 D201001 WATERCLOSETS - General B203002 GLAZED DOORS - General 11.79% 18.92% 
21479_21212 D201001 WATERCLOSETS - General D501004 PANELBOARDS - Main lugs, 120/208 V, 100 amp, 
NQOD 
10.97% 18.64% 
21605_21602 D502001 BRANCH WIRING - General D502002 LIGHTING EQUIPMENT - Exit Lighting 10.46% 18.55% 
21623_21475 C102001 STANDARD INTERIOR DOORS - Metal Door D201004 SINKS - Service Sink 11.71% 18.38% 





Itemset Antecedent Component Consequent Component supp conf 
21605_21479 D502001 BRANCH WIRING - General D201001 WATERCLOSETS - General 13.45% 18.21% 
21475_21421 D201004 SINKS - Service Sink C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
12.38% 17.89% 
21623_21602 C102001 STANDARD INTERIOR DOORS - Metal Door D502002 LIGHTING EQUIPMENT - Exit Lighting 12.01% 17.85% 
21477_21399 D201003 LAVATORIES - General B203002 GLAZED DOORS - General 10.99% 17.83% 
21477_21213 D201003 LAVATORIES - General D501004 PANELBOARDS - Main lugs, 120/208 V, 225 amp, 
NQOD 
12.66% 17.51% 
21479_21213 D201001 WATERCLOSETS - General D501004 PANELBOARDS - Main lugs, 120/208 V, 225 amp, 
NQOD 
13.68% 17.44% 
21605_21477 D502001 BRANCH WIRING - General D201003 LAVATORIES - General 11.94% 17.38% 
44043_21602 D502002 LIGHTING EQUIPMENT - Interior Lighting, FL - 
2 Lamp T8 
D502002 LIGHTING EQUIPMENT - Exit Lighting 13.39% 17.35% 
21479_21421 D201001 WATERCLOSETS - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
18.69% 17.15% 
21479_21425 D201001 WATERCLOSETS - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
16.51% 16.98% 
21477_21421 D201003 LAVATORIES - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
16.82% 16.73% 
21478_21213 D201002 URINALS - General D501004 PANELBOARDS - Main lugs, 120/208 V, 225 amp, 
NQOD 
10.37% 16.70% 
21623_21477 C102001 STANDARD INTERIOR DOORS - Metal Door D201003 LAVATORIES - General 16.05% 16.62% 
21623_21479 C102001 STANDARD INTERIOR DOORS - Metal Door D201001 WATERCLOSETS - General 17.44% 16.58% 
21602_21425 D502002 LIGHTING EQUIPMENT - Exit Lighting C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
10.25% 16.57% 
21477_21425 D201003 LAVATORIES - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
15.05% 16.47% 
21601_21479 D502002 LIGHTING EQUIPMENT - Exterior Lighting D201001 WATERCLOSETS - General 13.47% 16.40% 
44034_21602 D401002 FIRE ALARM DEVICES - Strobe/Annunciator 
Combo 
D502002 LIGHTING EQUIPMENT - Exit Lighting 10.09% 16.31% 
40251_40247 D401002 FIRE ALARM DEVICES - Manual pull station D401001 FIRE ALARM DISTRIBUTION - Fire Alarm 
Control Panel - non addressable 
10.92% 15.85% 
21479_21389 D201001 WATERCLOSETS - General B201001 EXTERIOR CLOSURE - Concrete Block 10.38% 15.54% 
21601_21477 D502002 LIGHTING EQUIPMENT - Exterior Lighting D201003 LAVATORIES - General 12.02% 15.49% 
21602_21395 D502002 LIGHTING EQUIPMENT - Exit Lighting B202001 WINDOWS - Aluminum Windows 11.76% 15.39% 
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40251_21213 D401002 FIRE ALARM DEVICES - Manual pull station D501004 PANELBOARDS - Main lugs, 120/208 V, 225 amp, 
NQOD 
10.41% 15.18% 
21478_21425 D201002 URINALS - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
11.94% 15.13% 
21623_21478 C102001 STANDARD INTERIOR DOORS - Metal Door D201002 URINALS - General 13.36% 15.08% 
21478_21421 D201002 URINALS - General C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
12.51% 14.99% 
21479_21395 D201001 WATERCLOSETS - General B202001 WINDOWS - Aluminum Windows 17.81% 14.69% 
21602_21477 D502002 LIGHTING EQUIPMENT - Exit Lighting D201003 LAVATORIES - General 16.97% 14.60% 
40240_21479 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
D201001 WATERCLOSETS - General 12.50% 14.30% 
21410_21401 B301001 STEEP SLOPE ROOF SYSTEMS - Formed Metal 
- Metal Standing Seam 
B203001 SOLID DOORS - Steel 12.11% 14.18% 
41011_21401 A103001 STANDARD SLAB ON GRADE - General B203001 SOLID DOORS - Steel 12.98% 14.13% 
21421_21409 C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
B301005 GUTTERS & DOWNSPOUTS - Gutters 10.20% 14.05% 
21479_21422 D201001 WATERCLOSETS - General C101001 FIXED PARTITIONS - Wall - Concrete Block 10.69% 13.96% 
21602_21479 D502002 LIGHTING EQUIPMENT - Exit Lighting D201001 WATERCLOSETS - General 18.82% 13.86% 
21477_21395 D201003 LAVATORIES - General B202001 WINDOWS - Aluminum Windows 16.16% 13.79% 
40240_21477 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
D201003 LAVATORIES - General 11.30% 13.59% 
40251_21602 D401002 FIRE ALARM DEVICES - Manual pull station D502002 LIGHTING EQUIPMENT - Exit Lighting 15.86% 13.57% 
21602_21478 D502002 LIGHTING EQUIPMENT - Exit Lighting D201002 URINALS - General 13.94% 13.37% 
21477_21426 D201003 LAVATORIES - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Wood Frame 
10.02% 13.31% 
21623_21407 C102001 STANDARD INTERIOR DOORS - Metal Door B301005 GUTTERS & DOWNSPOUTS - Downspouts 11.10% 13.29% 
30043_21401 B201001 EXTERIOR CLOSURE - Metal Panel B203001 SOLID DOORS - Steel 10.14% 13.10% 
21421_21407 C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
B301005 GUTTERS & DOWNSPOUTS - Downspouts 11.10% 13.10% 
21468_21401 D201004 SINKS - Kitchen Sink B203001 SOLID DOORS - Steel 11.24% 13.02% 
21602_21475 D502002 LIGHTING EQUIPMENT - Exit Lighting D201004 SINKS - Service Sink 11.01% 12.79% 
21602_21409 D502002 LIGHTING EQUIPMENT - Exit Lighting B301005 GUTTERS & DOWNSPOUTS - Gutters 10.90% 12.69% 
44043_40251 D502002 LIGHTING EQUIPMENT - Interior Lighting, FL - 
2 Lamp T8 
D401002 FIRE ALARM DEVICES - Manual pull station 11.94% 12.53% 
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21602_21407 D502002 LIGHTING EQUIPMENT - Exit Lighting B301005 GUTTERS & DOWNSPOUTS - Downspouts 12.03% 12.50% 
44034_21477 D401002 FIRE ALARM DEVICES - Strobe/Annunciator 
Combo 
D201003 LAVATORIES - General 11.24% 12.49% 
21479_21426 D201001 WATERCLOSETS - General C102001 STANDARD INTERIOR DOORS - Wood 
Door/Wood Frame 
10.82% 12.40% 
21407_21401 B301005 GUTTERS & DOWNSPOUTS - Downspouts B203001 SOLID DOORS - Steel 17.11% 12.27% 
21401_21213 B203001 SOLID DOORS - Steel D501004 PANELBOARDS - Main lugs, 120/208 V, 225 amp, 
NQOD 
12.93% 12.27% 
40251_21421 D401002 FIRE ALARM DEVICES - Manual pull station C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
12.25% 12.14% 
21401_21212 B203001 SOLID DOORS - Steel D501004 PANELBOARDS - Main lugs, 120/208 V, 100 amp, 
NQOD 
11.46% 12.09% 
21407_21395 B301005 GUTTERS & DOWNSPOUTS - Downspouts B202001 WINDOWS - Aluminum Windows 10.59% 12.06% 
21478_21395 D201002 URINALS - General B202001 WINDOWS - Aluminum Windows 11.41% 12.00% 
44034_21479 D401002 FIRE ALARM DEVICES - Strobe/Annunciator 
Combo 
D201001 WATERCLOSETS - General 12.12% 11.94% 
21401_21395 B203001 SOLID DOORS - Steel B202001 WINDOWS - Aluminum Windows 15.31% 11.90% 
40251_21623 D401002 FIRE ALARM DEVICES - Manual pull station C102001 STANDARD INTERIOR DOORS - Metal Door 12.13% 11.76% 
21409_21401 B301005 GUTTERS & DOWNSPOUTS - Gutters B203001 SOLID DOORS - Steel 15.52% 11.75% 
21425_21407 C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
B301005 GUTTERS & DOWNSPOUTS - Downspouts 10.19% 11.72% 
21605_21401 D502001 BRANCH WIRING - General B203001 SOLID DOORS - Steel 14.47% 11.68% 
21421_21401 C101001 FIXED PARTITIONS - Wall - Drywall w/Stud 
Framing 
B203001 SOLID DOORS - Steel 16.49% 11.61% 
40247_21477 D401001 FIRE ALARM DISTRIBUTION - Fire Alarm 
Control Panel - non addressable 
D201003 LAVATORIES - General 11.40% 11.58% 
21623_21401 C102001 STANDARD INTERIOR DOORS - Metal Door B203001 SOLID DOORS - Steel 16.35% 11.56% 
21425_21401 C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
B203001 SOLID DOORS - Steel 13.81% 11.48% 
21401_21389 B203001 SOLID DOORS - Steel B201001 EXTERIOR CLOSURE - Concrete Block 12.10% 11.29% 
21601_21401 D502002 LIGHTING EQUIPMENT - Exterior Lighting B203001 SOLID DOORS - Steel 11.63% 11.29% 
40240_21401 D401002 FIRE ALARM DEVICES - Detectors with 
brackets, ion detector (smoke) detector 
B203001 SOLID DOORS - Steel 10.92% 11.14% 
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40247_21479 D401001 FIRE ALARM DISTRIBUTION - Fire Alarm 
Control Panel - non addressable 
D201001 WATERCLOSETS - General 12.28% 11.13% 
40251_21425 D401002 FIRE ALARM DEVICES - Manual pull station C102001 STANDARD INTERIOR DOORS - Wood 
Door/Metal Frame 
11.08% 11.04% 
21602_21401 D502002 LIGHTING EQUIPMENT - Exit Lighting B203001 SOLID DOORS - Steel 17.09% 10.94% 
44043_21477 D502002 LIGHTING EQUIPMENT - Interior Lighting, FL - 
2 Lamp T8 
D201003 LAVATORIES - General 14.44% 10.41% 
40251_21477 D401002 FIRE ALARM DEVICES - Manual pull station D201003 LAVATORIES - General 17.29% 10.25% 
21477_21409 D201003 LAVATORIES - General B301005 GUTTERS & DOWNSPOUTS - Gutters 14.63% 10.09% 
44043_21479 D502002 LIGHTING EQUIPMENT - Interior Lighting, FL - 
2 Lamp T8 
D201001 WATERCLOSETS - General 15.65% 9.96% 
40251_21479 D401002 FIRE ALARM DEVICES - Manual pull station D201001 WATERCLOSETS - General 18.91% 9.96% 
21477_21407 D201003 LAVATORIES - General B301005 GUTTERS & DOWNSPOUTS - Downspouts 16.10% 9.90% 
21479_21409 D201001 WATERCLOSETS - General B301005 GUTTERS & DOWNSPOUTS - Gutters 16.03% 9.80% 
41042_21401 B201005 EXTERIOR LOUVERS & SCREENS - General B203001 SOLID DOORS - Steel 10.35% 9.66% 
40251_21478 D401002 FIRE ALARM DEVICES - Manual pull station D201002 URINALS - General 13.56% 9.63% 
21479_21407 D201001 WATERCLOSETS - General B301005 GUTTERS & DOWNSPOUTS - Downspouts 17.62% 9.58% 
40251_21407 D401002 FIRE ALARM DEVICES - Manual pull station B301005 GUTTERS & DOWNSPOUTS - Downspouts 12.65% 9.40% 
21478_21409 D201002 URINALS - General B301005 GUTTERS & DOWNSPOUTS - Gutters 11.09% 9.40% 
44043_21478 D502002 LIGHTING EQUIPMENT - Interior Lighting, FL - 
2 Lamp T8 
D201002 URINALS - General 11.09% 9.38% 
40251_21409 D401002 FIRE ALARM DEVICES - Manual pull station B301005 GUTTERS & DOWNSPOUTS - Gutters 11.53% 9.35% 
21603_21479 D502002 LIGHTING EQUIPMENT - Interior Lighting, 
Incandescent 
D201001 WATERCLOSETS - General 11.15% 9.34% 
40251_21475 D401002 FIRE ALARM DEVICES - Manual pull station D201004 SINKS - Service Sink 11.36% 9.31% 
21479_21401 D201001 WATERCLOSETS - General B203001 SOLID DOORS - Steel 23.86% 9.28% 
21478_21407 D201002 URINALS - General B301005 GUTTERS & DOWNSPOUTS - Downspouts 12.36% 9.21% 
21477_21401 D201003 LAVATORIES - General B203001 SOLID DOORS - Steel 21.67% 9.07% 
40251_21395 D401002 FIRE ALARM DEVICES - Manual pull station B202001 WINDOWS - Aluminum Windows 11.78% 9.06% 
44034_21401 D401002 FIRE ALARM DEVICES - Strobe/Annunciator 
Combo 
B203001 SOLID DOORS - Steel 11.19% 8.90% 
40247_21401 D401001 FIRE ALARM DISTRIBUTION - Fire Alarm 
Control Panel - non addressable 
B203001 SOLID DOORS - Steel 11.84% 8.90% 
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21422_21401 C101001 FIXED PARTITIONS - Wall - Concrete Block B203001 SOLID DOORS - Steel 10.55% 8.87% 
21603_21477 D502002 LIGHTING EQUIPMENT - Interior Lighting, 
Incandescent 
D201003 LAVATORIES - General 10.14% 8.55% 
44043_21401 D502002 LIGHTING EQUIPMENT - Interior Lighting, FL - 
2 Lamp T8 
B203001 SOLID DOORS - Steel 15.23% 8.46% 
21475_21407 D201004 SINKS - Service Sink B301005 GUTTERS & DOWNSPOUTS - Downspouts 10.40% 8.45% 
21475_21401 D201004 SINKS - Service Sink B203001 SOLID DOORS - Steel 13.62% 8.44% 
21478_21401 D201002 URINALS - General B203001 SOLID DOORS - Steel 16.74% 7.88% 




APPENDIX B – SMS BUILDER DIRECT RATING DEFINITIONS 
From: (USACE-CERL 2007) 
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CMC Material Category Component Type UoM Design Life 
20000 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Electric, 20'x16' EA 20 
20001 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Manual, 10'x10' EA 20 
20002 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Manual, 12'x12' EA 20 
20003 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Manual, 14'x14' EA 20 
20004 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Manual, 20'x12' EA 20 
20005 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Electric, 8'x8' EA 20 
20006 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Electric, 12'x12' EA 20 
20007 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Manual, 8'x8' EA 20 
20008 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Electric, 20'x12' EA 20 
20009 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Manual, 20'x16' EA 20 
20010 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Fire Rated, 10'x10' EA 20 
20011 B203004 OVERHEAD AND ROLL-UP DOORS Steel Vertical Lift, Electric, 16'x16' EA 20 
20012 B203004 OVERHEAD AND ROLL-UP DOORS Steel Vertical Lift, Electric, 32'x24' EA 20 
20013 B203004 OVERHEAD AND ROLL-UP DOORS Aluminum/Fiberglass, Manual, 12'x12' EA 20 
20014 B203004 OVERHEAD AND ROLL-UP DOORS Aluminum/Fiberglass, Electric, 12'x12' EA 20 
20015 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Manual, 8'x8' EA 20 
20016 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Electric, 14'x14' EA 20 
20017 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Electric, 8'x8' EA 20 
20018 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Manual, 10'x10' EA 20 
20019 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Manual, 12'x12' EA 20 
20020 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling, Electric, 10'x10' EA 20 
20021 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Manual, 20'x16' EA 20 
20022 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Electric, 20'x14' EA 20 
20023 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Electric, 10'x10' EA 20 
20024 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Electric, 12'x12' EA 20 
20025 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Electric, 14'x14' EA 20 
20026 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Electric, 20'x16' EA 20 
20027 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Manual, 10'x10' EA 20 
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20028 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Manual, 12'x12' EA 20 
20029 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Manual, 20'x14' EA 20 
20030 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Electric, 8'x8' EA 20 
20031 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Electric, 10'x10' EA 20 
20032 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Electric, 12'x12' EA 20 
20033 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional, Manual, 8'x8' EA 20 
20034 B203004 OVERHEAD AND ROLL-UP DOORS Wood, Manual, 14'x14' EA 20 
20035 C102090 OTHER INTERIOR SPECIALTY DOORS Rollup Grille, Steel, Electric, 15' x 8' EA 24 
20036 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Electric, 10' x 10' EA 30 
20037 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Electric, 20' x 10' EA 30 
20038 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Electric, 12' x 12' EA 30 
20039 C102090 OTHER INTERIOR SPECIALTY DOORS Rollup Grille, Aluminum, Manual, 10' x 10', mill finish EA 24 
20040 C102090 OTHER INTERIOR SPECIALTY DOORS 
Rollup Grille, Aluminum, Manual, 10' x 10', bronze 
anodized EA 24 
20041 C102090 OTHER INTERIOR SPECIALTY DOORS Rollup Grille, Aluminum, Electric, 10' x 10', mill finish EA 24 
20042 C102090 OTHER INTERIOR SPECIALTY DOORS 
Rollup Grille, Aluminum, Electric, 10' x 10', bronze 
anodized EA 24 
20043 C102090 OTHER INTERIOR SPECIALTY DOORS Rollup Grille, Steel, Manual, 10' x 10' EA 25 
20044 C102090 OTHER INTERIOR SPECIALTY DOORS Rollup Grille, Steel, Electric, 10' x 10' EA 25 
20045 C102004 SLIDING & FOLDING DOORS Sliding, 16' x 9', bronze finish EA 30 
20046 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Electric, 8' x 8' EA 30 
20047 C102090 OTHER INTERIOR SPECIALTY DOORS Rollup Grille, Steel, Manual, 15' x 8' EA 24 
20048 C102004 SLIDING & FOLDING DOORS Sliding, 24' x 9', bronze finish EA 30 
20049 C102004 SLIDING & FOLDING DOORS Sliding, 24' x 9', mill finish EA 30 
20050 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Manual, 12' x 12' EA 30 
20051 C102004 SLIDING & FOLDING DOORS Sliding, 16' x 9', black finish EA 30 
20052 C102004 SLIDING & FOLDING DOORS Sliding, 16' x 9', mill finish EA 72 
20053 C102004 SLIDING & FOLDING DOORS Sliding, 24' x 9', black finish EA 30 
20054 C102004 SLIDING & FOLDING DOORS Sliding, 48' x 9', mill finish EA 30 
20055 C102004 SLIDING & FOLDING DOORS Sliding, 48' x 9', bronze finish EA 30 
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20056 C102004 SLIDING & FOLDING DOORS Sliding, 48' x 9', black finish EA 30 
20057 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Manual, 8' x 8' EA 30 
20058 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Manual, 10' x 10' EA 30 
20059 C102004 SLIDING & FOLDING DOORS Rolling, Steel, Manual, 20' x 10' EA 30 
20060 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 5000 lb, 5 floors EA 25 
20061 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 4000 lb, 5 floors EA 25 
20062 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 4500 lb, 2 floors EA 25 
20063 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 4500 lb, 5 floors EA 25 
20064 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 5000 lb, 2 floors EA 25 
20065 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 4000 lb, 2 floors EA 25 
20066 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 3000 lb, 2 floors EA 25 
20067 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 3000 lb, 5 floors EA 25 
20068 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 4000 lb, 5 floors EA 25 
20069 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 10,000 lb, 5 floors EA 25 
20070 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 20,000 lb, 5 floors EA 25 
20071 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 4000 lb, 2 floors EA 25 
20072 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 3500 lb, 5 floors EA 25 
20073 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 20,000 lb, 2 floors EA 25 
20074 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 2000 lb, 2 floors EA 25 
20075 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 1500 lb, 5 floors EA 25 
20076 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 2000 lb, 5 floors EA 25 
20077 D101003 FREIGHT ELEVATORS Hydraulic Elevators - (class"B"), 10,000 lb, 2 floors EA 25 
20078 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 2500 lb, 2 floors EA 25 
20079 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 1500 lb, 2 floors EA 25 
20080 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 2500 lb, 5 floors EA 25 
20081 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 3000 lb, 2 floors EA 25 
20082 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 3500 lb, 2 floors EA 25 
20083 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 3500 lb, 5 floors EA 25 
20084 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 4000 lb, 2 floors EA 25 
20085 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 4000 lb, 5 floors EA 25 
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20086 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 4500 lb, 2 floors EA 25 
20087 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 4500 lb, 5 floors EA 25 
20088 D101002 PASSENGER ELEVATORS Hydraulic Elevators - 3000 lb, 5 floors EA 25 
20089 D101002 PASSENGER ELEVATORS Hydraulic Elevators - Hospital, 3500 lb, 2 floors EA 25 
20090 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 20,000 lb, 5 
floors, 50 FPM EA 25 
20091 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 4000 lb, 15 
floors, 350 FPM EA 25 
20092 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 4500 lb, 5 floors, 
200 FPM EA 25 
20093 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 4500 lb, 15 
floors, 350 FPM EA 25 
20094 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 5000 lb, 5 floors, 
200 FPM EA 25 
20095 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 5000 lb, 15 
floors, 350 FPM EA 25 
20096 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 4000 lb, 5 
floors, 50 FPM EA 25 
20097 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 4000 lb, 15 
floors, 200 FPM EA 25 
20098 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 8000 lb, 5 
floors, 50 FPM EA 25 
20099 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 8000 lb, 15 
floors, 200 FPM EA 25 
20100 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 10,000 lb, 15 
floors, 200 FPM EA 25 
20101 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 20,000 lb, 15 
floors, 200 FPM EA 25 
20102 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 4000 lb, 5 floors, 
200 FPM EA 25 
20103 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 5000 lb, 5 floors, 200 FPM EA 25 
20104 D101003 FREIGHT ELEVATORS 
Traction Geared Elevators - (class"B"), 10,000 lb, 5 
floors, 50 FPM EA 25 
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20105 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 2500 lb, 15 floors, 350 
FPM EA 25 
20106 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 2000 lb, 5 floors, 200 FPM EA 25 
20107 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 3500 lb, 5 floors, 
200 FPM EA 25 
20108 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 2500 lb., 5 floors, 200 FPM EA 25 
20109 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - Hospital, 3500 lb, 15 
floors, 350 FPM EA 25 
20110 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 3000 lb, 5 floors, 200 FPM EA 25 
20111 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 3000 lb, 15 floors, 350 
FPM EA 25 
20112 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 3500 lb, 5 floors, 200 FPM EA 25 
20113 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 4000 lb, 5 floors, 200 FPM EA 25 
20114 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 4000 lb, 15 floors, 350 
FPM EA 25 
20115 D101002 PASSENGER ELEVATORS Traction Geared Elevators - 4500 lb, 5 floors, 200 FPM EA 25 
20116 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 4500 lb, 15 floors, 350 
FPM EA 25 
20117 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 5000 lb, 15 floors, 350 
FPM EA 25 
20118 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 3500 lb, 15 floors, 350 
FPM EA 25 
20119 D101002 PASSENGER ELEVATORS 
Traction Geared Elevators - 2000 lb, 15 floors, 350 
FPM EA 25 
20120 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 5000 lb, 10 floors, 200 
FPM EA 25 
20121 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 5000 lb, 30 floors, 600 
FPM EA 25 
20122 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 5000 lb, 50 floors, 800 
FPM EA 25 
20123 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 3500 lb, 10 
floors, 200 FPM EA 25 
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20124 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 3500 lb, 30 
floors, 600 FPM EA 25 
20125 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 4000 lb, 10 
floors, 200 FPM EA 25 
20126 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 4000 lb, 30 
floors, 600 FPM EA 25 
20127 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 4500 lb, 10 
floors, 200 FPM EA 25 
20128 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 4500 lb, 30 
floors, 600 FPM EA 25 
20129 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 5000 lb, 10 
floors, 200 FPM EA 25 
20130 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 2500 lb, 30 floors, 600 
FPM EA 25 
20131 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - Hospital, 5000 lb, 30 
floors, 600 FPM EA 25 
20132 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 3500 lb, 10 floors, 200 
FPM EA 25 
20133 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators -  3000 lb, 30 floors, 600 
FPM EA 25 
20134 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 4500 lb, 50 floors, 800 
FPM EA 25 
20135 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 3000 lb, 10 floors, 200 
FPM EA 25 
20136 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 3500 lb, 30 floors, 600 
FPM EA 25 
20137 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 3500 lb, 50 floors, 800 
FPM EA 25 
20138 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 4000 lb, 10 floors, 200 
FPM EA 25 
20139 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 4000 lb, 30 floors, 600 
FPM EA 25 
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20140 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 4000 lb, 50 floors, 800 
FPM EA 25 
20141 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 4500 lb, 10 floors, 200 
FPM EA 25 
20142 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 4500 lb, 30 floors, 600 
FPM EA 25 
20143 D101002 PASSENGER ELEVATORS 
Traction Gearless Elevators - 2500 lb, 10 floors, 200 
FPM EA 25 
20144 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), clear floor, 2 post, 30,000 
lb EA 20 
20145 D101004 WHEELCHAIR LIFT Inclined, stair lift EA 20 
20146 D101004 WHEELCHAIR LIFT Vertical EA 20 
20147 D101004 WHEELCHAIR LIFT Inclined, stair climber EA 20 
20148 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), ramp style, 4 post, 75,000 
lb EA 20 
20149 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), ramp style, 4 post, 50,000 
lb EA 20 
20150 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), ramp style, 4 post, 25,000 
lb EA 20 
20151 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), clear floor, 2 post, 9000 
lb EA 20 
20152 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), clear floor, 2 post, 6000 
lb EA 20 
20153 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Correspondence lifts, hand EA 25 
20154 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Correspondence lifts, elec EA 25 
20155 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Parcel lifts, elec EA 25 
20156 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), clear floor, 2 post,15,000 
lb EA 20 
20157 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Automotive lifts (Hydraulic), ramp style, 4 post, 35,000 
lb EA 20 
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20158 D103001 ESCALATORS 15' height, 32" width EA 40 
20159 D103001 ESCALATORS 25' height, 48" width EA 40 
20160 D103001 ESCALATORS 25' height, 32" width EA 40 
20161 D103001 ESCALATORS 20' height, 48" width EA 40 
20162 D103001 ESCALATORS 15' height, 48" width EA 40 
20163 D103001 ESCALATORS 10' height, 48" width EA 40 
20164 D103001 ESCALATORS 10' height, 32" width EA 40 
20165 D103001 ESCALATORS 20' height, 32" width EA 40 
20166 D103002 MOVING WALKS Ramp, 3'4" width LF 40 
20167 D103002 MOVING WALKS Flat, 2'-0" width LF 40 
20168 D103002 MOVING WALKS Flat, 3'-4" width LF 40 
20169 D109002 CONVEYORS Inclined belt, 28' length EA 35 
20170 D109002 CONVEYORS Horizontal belt, 27' length EA 35 
20171 D109002 CONVEYORS Horizontal belt, 42' length EA 35 
20172 D109002 CONVEYORS Horizontal belt, 62' length EA 35 
20173 D102002 OVERHEAD CRANES Cranes, Bridge girder, 25 ton, 40' span EA 20 
20174 D102002 OVERHEAD CRANES Hoists, 15' lift, 5 ton EA 20 
20175 D102002 OVERHEAD CRANES Hoists, 15' lift, 3 ton EA 20 
20176 D102002 OVERHEAD CRANES Hoists, 15' lift, 1 ton EA 20 
20177 D102002 OVERHEAD CRANES Cranes, Movable gantry, 6,000 lb, 12' to 15' range EA 20 
20178 D102002 OVERHEAD CRANES Cranes, Movable gantry, 2,000 lb, 12' to 15' range EA 20 
20179 D102002 OVERHEAD CRANES Cranes, Bridge girder, 25 ton, 50' span EA 20 
20180 D102002 OVERHEAD CRANES Cranes, Bridge girder, 15 ton, 50' span EA 20 
20181 D102002 OVERHEAD CRANES Cranes, Bridge girder, 10 ton, 50' span EA 20 
20182 D102002 OVERHEAD CRANES Cranes, Bridge girder, 7.5 ton, 50' span EA 20 
20183 D102002 OVERHEAD CRANES Cranes, Bridge girder, 3 ton, 50' span EA 20 
20184 D102002 OVERHEAD CRANES Cranes, Bridge girder, 15 ton, 40' span EA 20 
20185 D102002 OVERHEAD CRANES Cranes, Bridge girder, 10 ton, 40' span EA 20 
20186 D102002 OVERHEAD CRANES Cranes, Bridge girder, 15 ton, 20' span EA 20 
20187 D102002 OVERHEAD CRANES Cranes, Bridge girder, 3 ton, 20' span EA 20 
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20188 D102002 OVERHEAD CRANES Cranes, Bridge girder, 5 ton, 20' span EA 20 
20189 D102002 OVERHEAD CRANES Cranes, Bridge girder, 5 ton, 50' span EA 20 
20190 D102002 OVERHEAD CRANES Cranes, Bridge girder, 10 ton, 20' span EA 20 
20191 D102002 OVERHEAD CRANES Cranes, Bridge girder, 7.5 ton, 40' span EA 20 
20192 D102002 OVERHEAD CRANES Cranes, Bridge girder, 3 ton, 30' span EA 20 
20193 D102002 OVERHEAD CRANES Cranes, Bridge girder, 5 ton, 30' span EA 20 
20194 D102002 OVERHEAD CRANES Cranes, Bridge girder, 7.5 ton, 30' span EA 20 
20195 D102002 OVERHEAD CRANES Cranes, Bridge girder, 10 ton, 30' span EA 20 
20196 D102002 OVERHEAD CRANES Cranes, Bridge girder, 15 ton, 30' span EA 20 
20197 D102002 OVERHEAD CRANES Cranes, Bridge girder, 3 ton, 40' span EA 20 
20198 D102002 OVERHEAD CRANES Cranes, Bridge girder, 5 ton, 40' span EA 20 
20199 D102002 OVERHEAD CRANES Cranes, Bridge girder, 7.5 ton, 20' span EA 20 
20200 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 7.5 HP EA 25 
20201 D202003 DOMESTIC WATER EQUIPMENT 
Booster Pump - Variable speed, 15 HP, 6" discharge, 
1000 GPM EA 25 
20202 D202003 DOMESTIC WATER EQUIPMENT 
Booster Pump - Variable speed, 30 HP, 6" discharge, 
1700 GPM EA 25 
20203 D202003 DOMESTIC WATER EQUIPMENT 
Booster Pump - Variable speed, 7.5 HP, 4" discharge, 
400 GPM EA 25 
20204 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 10 HP EA 25 
20205 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 3 HP EA 25 
20206 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 2 HP EA 25 
20207 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 5 HP EA 25 
20208 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 1.5 HP EA 25 
20209 D202003 DOMESTIC WATER EQUIPMENT Booster Pump - 1 HP EA 25 
20210 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 28 GPM EA 25 
20211 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 550 GPM EA 25 
20212 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 255 GPM EA 25 
20213 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 130 GPM EA 25 
20214 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 55 GPM EA 25 
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20215 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 35 GPM EA 25 
20216 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system, 550 GPM EA 25 
20217 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system, 255 GPM EA 25 
20218 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system, 130 GPM EA 25 
20219 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system,  55 GPM EA 25 
20220 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system,  35 GPM EA 25 
20221 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system,  28 GPM EA 25 
20222 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - One pump system, 800 GPM EA 25 
20223 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package - Two pump system, 800 GPM EA 25 
20224 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 605 gallon, 48" 
diameter, 87" L.O.A. EA 30 
20225 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 3440 gallon, 96" 
diameter, 157" L.O.A. EA 50 
20226 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 2285 gallon, 84" 
diameter, 128" L.O.A. EA 50 
20227 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 1615 gallon, 72" 
diameter, 110" L.O.A. EA 50 
20228 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 1330 gallon, 66" 
diameter, 107" L.O.A. EA 50 
20229 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 740 gallon, 54" 
diameter, 91" L.O.A. EA 50 
20230 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 460 gallon, 42" 
diameter, 84" L.O.A. EA 30 
20231 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 325 gallon, 36" 
diameter, 81" L.O.A. EA 30 
20232 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 225 gallon, 30" 
diameter, 78" L.O.A. EA 30 
20233 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 80 gallon, 20" diameter, 
64" L.O.A. EA 30 
20234 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 500 gallon, 36" 
diameter,126" L.O.A. EA 30 
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20235 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 400 gallon, 36" 
diameter, 100" L.O.A. EA 30 
20236 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 15 gallon, 14" 
diameter, 26" L.O.A. EA 50 
20237 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 300 gallon, 36" 
diameter, 76" L.O.A. EA 50 
20238 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 240 gallon, 30" 
diameter, 86" L.O.A. EA 50 
20239 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 135 gallon, 24" 
diameter, 75" L.O.A. EA 30 
20240 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 80 gallon, 20" 
diameter, 64" L.O.A. EA 30 
20241 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Galvanized steel, 30 gallon, 14" 
diameter, 49" L.O.A. EA 50 
20242 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 140 gallon, 24" 
diameter, 80" L.O.A. EA 30 
20243 D202003 DOMESTIC WATER EQUIPMENT 
Storage Tank - Glass lined, PE, 940 gallon, 60" 
diameter, 93" L.O.A. EA 50 
20244 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 201 gal, 1250 MBH 
input, 1200 GPH EA 10 
20245 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 397 gal, 1500 MBH 
input, 1441 GPH EA 10 
20246 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 397 gal, 1750 MBH 
input, 1681 GPH EA 10 
20247 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 411 gal, 1250 MBH 
input, 1200 GPH EA 10 
20248 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 411 gal, 1000 MBH 
input,  960 GPH EA 10 
20249 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 411 gal,  800 MBH 
input,   768 GPH EA 10 
20250 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 411 gal,  600 MBH 
input,   576 GPH EA 10 
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20251 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 201 gal, 1500 MBH 
input, 1441 GPH EA 10 
20252 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 201 gal, 1000 MBH 
input,  960 GPH EA 10 
20253 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 221 gal,  800 MBH 
input,  768 GPH EA 10 
20254 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 221 gal,  600 MBH 
input,  576 GPH EA 10 
20255 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 221 gal,  300 MBH 
input,  288 GPH EA 10 
20256 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 140 gal,  720 MBH 
input,  691 GPH EA 10 
20257 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 140 gal,  400 MBH 
input,  384 GPH EA 10 
20258 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 140 gal,  270 MBH 
input,  259 GPH EA 10 
20259 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 140 gal,  140 MBH 
input,  134 GPH EA 10 
20260 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Oil - 140 gal,  255 MBH 
input,  247 GPH EA 10 
20261 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 155 MBH input, 150 
GPH EA 10 
20262 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 500 MBH input, 480 
GPH EA 10 
20263 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 390 MBH input, 374 
GPH EA 10 
20264 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 300 MBH input, 278 
GPH EA 10 
20265 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 240 MBH input, 230 
GPH EA 10 
20266 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 175 MBH input, 168 
GPH EA 10 
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20267 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 600 MBH input, 576 
GPH EA 10 
20268 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 115 MBH input, 110 
GPH EA 10 
20269 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 100 MBH input,  91 
GPH EA 10 
20270 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas -  95 MBH input,  86 
GPH EA 10 
20271 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas -  75 MBH input,  63 
GPH EA 10 
20272 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Gas - 200 MBH input, 192 
GPH EA 10 
20273 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  350 gal, 180 
KW,  738 GPH EA 10 
20274 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  500 gal,   30 
KW,  123 GPH EA 10 
20275 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric - 1500 gal, 480 
KW, 1970 GPH EA 10 
20276 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric - 1500 gal,   60 
KW,  245 GPH EA 10 
20277 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric - 1000 gal, 480 
KW, 1970 GPH EA 10 
20278 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric - 1000 gal,   60 
KW,  245 GPH EA 10 
20279 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  700 gal, 300 
KW, 1230 GPH EA 10 
20280 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  500 gal, 240 
KW,  984 GPH EA 10 
20281 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  300 gal, 180 
KW,  738 GPH EA 10 
20282 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -   50 gal,    9 KW,   
37 GPH EA 10 
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20283 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  250 gal, 150 
KW,  615 GPH EA 10 
20284 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  700 gal,   30 
KW,  123 GPH EA 10 
20285 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  200 gal, 120 
KW,  490 GPH EA 10 
20286 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  150 gal, 120 
KW,  490 GPH EA 10 
20287 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  120 gal,  36 
KW,  147 GPH EA 10 
20288 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -   80 gal,   36 KW,  
147 GPH EA 10 
20289 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -   80 gal,   12 KW,   
49 GPH EA 10 
20290 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Commercial, Electric -  350 gal,   30 
KW,  123 GPH EA 10 
20291 D202002 VALVES & HYDRANTS Backflow Preventer - 1" pipe EA 25 
20292 D202002 VALVES & HYDRANTS Backflow Preventer - 8" pipe EA 25 
20293 D202002 VALVES & HYDRANTS Backflow Preventer - 6" pipe EA 25 
20294 D202002 VALVES & HYDRANTS Backflow Preventer - 4" pipe EA 25 
20295 D202002 VALVES & HYDRANTS Backflow Preventer - 3" pipe EA 25 
20296 D202002 VALVES & HYDRANTS Backflow Preventer - 1.5" pipe EA 25 
20297 D202002 VALVES & HYDRANTS Backflow Preventer - 2" pipe EA 25 
20298 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 3" size EA 25 
20299 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 10" size EA 25 
20300 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 8" size EA 25 
20301 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 6" size EA 25 
20302 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 4" size EA 25 
20303 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 2" size EA 25 
20304 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 1" size EA 25 
20305 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator - 5" size EA 25 
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20306 D302001 BOILERS Solid Fuel - Stoker Fired,  2200-2500 MBH EA 30 
20307 D302001 BOILERS Solid Fuel - Stoker Fired,   350-450 MBH EA 30 
20308 D302001 BOILERS Solid Fuel - Stoker Fired,   450-550 MBH EA 30 
20309 D302001 BOILERS Solid Fuel - Stoker Fired,   550-1000 MBH EA 30 
20310 D302001 BOILERS Solid Fuel - Stoker Fired,  1000-1350 MBH EA 30 
20311 D302001 BOILERS Solid Fuel - Stoker Fired,  1350-1600 MBH EA 30 
20312 D302001 BOILERS Solid Fuel - Stoker Fired,  1800-1900 MBH EA 30 
20313 D302001 BOILERS Solid Fuel - Stoker Fired,   275-350 MBH EA 30 
20314 D302001 BOILERS Solid Fuel - Stoker Fired,  2500-2800 MBH EA 30 
20315 D302001 BOILERS Solid Fuel - Stoker Fired,  2800-3100 MBH EA 30 
20316 D302001 BOILERS Solid Fuel - Stoker Fired,  3100-3400 MBH EA 30 
20317 D302001 BOILERS Solid Fuel - Stoker Fired,  3400-3700 MBH EA 30 
20318 D302001 BOILERS Solid Fuel - Stoker Fired,  3700-3900 MBH EA 30 
20319 D302001 BOILERS Solid Fuel - Stoker Fired,  3900-4100 MBH EA 30 
20320 D302001 BOILERS Solid Fuel - Stoker Fired,  4100-4300 MBH EA 30 
20321 D302001 BOILERS Solid Fuel - Stoker Fired, >4500 MBH EA 30 
20322 D302001 BOILERS Solid Fuel - Stoker Fired,  1600-1800 MBH EA 30 
20323 D302001 BOILERS Solid Fuel - Stoker Fired,   225-275 MBH EA 30 
20324 D302001 BOILERS Solid Fuel - Stoker Fired,  4300-4500 MBH EA 30 
20325 D302001 BOILERS Solid Fuel - Natural Draft,   2000-2400 MBH EA 30 
20326 D302001 BOILERS Solid Fuel - Stoker Fired,   175-225 MBH EA 30 
20327 D302001 BOILERS Solid Fuel - Stoker Fired,  1900-2200 MBH EA 30 
20328 D302001 BOILERS Solid Fuel - Natural Draft,   <1500 MBH EA 30 
20329 D302001 BOILERS Solid Fuel - Natural Draft,   1700-2000 MBH EA 30 
20330 D302001 BOILERS Solid Fuel - Natural Draft,   2400-2800 MBH EA 30 
20331 D302001 BOILERS Solid Fuel - Natural Draft,   2800-3300 MBH EA 30 
20332 D302001 BOILERS Solid Fuel - Natural Draft,   3300-4000 MBH EA 30 
20333 D302001 BOILERS Solid Fuel - Natural Draft,   4000-5000 MBH EA 30 
20334 D302001 BOILERS Solid Fuel - Natural Draft,   5000-6000 MBH EA 30 
20335 D302001 BOILERS Solid Fuel - Natural Draft, >17500 MBH EA 30 
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20336 D302001 BOILERS Solid Fuel - Natural Draft,   7000-8000 MBH EA 30 
20337 D302001 BOILERS Solid Fuel - Natural Draft,   8000-10000 MBH EA 30 
20338 D302001 BOILERS Solid Fuel - Stoker Fired,   148 MBH EA 30 
20339 D302001 BOILERS Solid Fuel - Natural Draft,  10000-12000 MBH EA 30 
20340 D302001 BOILERS Solid Fuel - Natural Draft,  12000-14000 MBH EA 30 
20341 D302001 BOILERS Solid Fuel - Natural Draft,   1500-1700 MBH EA 30 
20342 D302001 BOILERS Solid Fuel - Natural Draft,  14000-16000 MBH EA 30 
20343 D302001 BOILERS Solid Fuel - Natural Draft,  16000-17500 MBH EA 30 
20344 D302001 BOILERS Solid Fuel - Natural Draft,   6000-7000 MBH EA 30 
20345 D302004 AUXILIARY EQUIPMENT Expansion Tank - 15 gal EA 30 
20346 D302004 AUXILIARY EQUIPMENT Expansion Tank - 135 gal EA 30 
20347 D302004 AUXILIARY EQUIPMENT Expansion Tank - 400 gal EA 30 
20348 D302004 AUXILIARY EQUIPMENT Expansion Tank - 305 gal EA 30 
20349 D302004 AUXILIARY EQUIPMENT Expansion Tank - 240 gal EA 30 
20350 D302004 AUXILIARY EQUIPMENT Expansion Tank - 220 gal EA 30 
20351 D302004 AUXILIARY EQUIPMENT Expansion Tank - 175 gal EA 30 
20352 D302004 AUXILIARY EQUIPMENT Expansion Tank - 120 gal EA 30 
20353 D302004 AUXILIARY EQUIPMENT Expansion Tank - 100 gal EA 30 
20354 D302004 AUXILIARY EQUIPMENT Expansion Tank - 80 gal EA 30 
20355 D302004 AUXILIARY EQUIPMENT Expansion Tank - 60 gal EA 30 
20356 D302004 AUXILIARY EQUIPMENT Expansion Tank - 40 gal EA 30 
20357 D302004 AUXILIARY EQUIPMENT Expansion Tank - 24 gal EA 30 
20358 D302004 AUXILIARY EQUIPMENT Expansion Tank - 30 gal EA 30 
20359 D302001 BOILERS Electric, Hot Water -   370-555 KW, 1263-1894 EA 30 
20360 D302001 BOILERS Electric, Hot Water -   555-783 KW, 1894-2672 EA 30 
20361 D302001 BOILERS Electric, Hot Water -  2355-3105 KW, 8036-105 EA 30 
20362 D302001 BOILERS Electric, Hot Water -  1710-2355 KW, 5836-803 EA 30 
20363 D302001 BOILERS Electric, Hot Water -   783-1110 KW, 2672-378 EA 30 
20364 D302001 BOILERS Electric, Hot Water - >3105 KW, >10594 MBH EA 30 
20365 D302001 BOILERS Electric, Hot Water -   180-253 KW, 613-863 M EA 30 
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20366 D302001 BOILERS Electric, Hot Water -   135-180 KW, 460-613 M EA 30 
20367 D302001 BOILERS Electric, Hot Water -    90-135 KW, 308-460 M EA 30 
20368 D302001 BOILERS Electric, Hot Water -    45-90 KW, 154-308 MB EA 30 
20369 D302001 BOILERS Electric, Hot Water -    22-45 KW, 78-154 MBH EA 30 
20370 D302001 BOILERS Electric, Hot Water -    <22 KW, <78 MBH EA 30 
20371 D302001 BOILERS Electric, Hot Water -   253-370 KW, 863-1263  EA 30 
20372 D302001 BOILERS Electric, Hot Water -  1110-1710 KW, 3788-583 EA 30 
20373 D302004 AUXILIARY EQUIPMENT 
Boiler Feedwater Tank - Shot chemical feeder, by pass, 
floor mount, 5 gal EA 20 
20374 D302004 AUXILIARY EQUIPMENT 
Boiler Feedwater Tank - Shot chemical feeder, by pass, 
in-line mount, 1.7 gal EA 20 
20375 D302004 AUXILIARY EQUIPMENT 
Boiler Feedwater Tank - Shot chemical feeder, by pass, 
floor mount, 10 gal EA 20 
20376 D302001 BOILERS Oil, Steam -   <150 MBH EA 30 
20377 D302001 BOILERS Oil, Steam -  2000-3000 MBH EA 30 
20378 D302001 BOILERS Oil, Steam -  1300-2000 MBH EA 30 
20379 D302001 BOILERS Oil, Steam -   700-1300 MBH EA 30 
20380 D302001 BOILERS Oil, Steam -   150-200 MBH EA 30 
20381 D302001 BOILERS Oil, Steam - >3000 MBH EA 30 
20382 D302001 BOILERS Oil, Steam -   200-700 MBH EA 30 
20383 D302001 BOILERS Oil, HW -   <150 MBH EA 30 
20384 D302001 BOILERS Oil, HW -   150-200 MBH EA 30 
20385 D302001 BOILERS Oil, HW -   200-700 MBH EA 30 
20386 D302001 BOILERS Oil, HW -   700-1300 MBH EA 30 
20387 D302001 BOILERS Oil, HW -  1300-2000 MBH EA 30 
20388 D302001 BOILERS Oil, HW -  2000-3000 MBH EA 30 
20389 D302001 BOILERS Oil, HW - >3000 MBH EA 30 
20390 D302001 BOILERS Gas/Oil, Steam -  3500-4250 MBH EA 30 
20391 D302001 BOILERS Gas/Oil, Steam -  3000-3500 MBH EA 30 
20392 D302001 BOILERS Gas/Oil, Steam - >6500 MBH EA 30 
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20393 D302001 BOILERS Gas/Oil, Steam -  5750-6500 MBH EA 30 
20394 D302001 BOILERS Gas/Oil, Steam -  5000-5750 MBH EA 30 
20395 D302001 BOILERS Gas/Oil, Steam -  <1000 MBH EA 30 
20396 D302001 BOILERS Gas/Oil, Steam -  2250-3000 MBH EA 30 
20397 D302001 BOILERS Gas/Oil, Steam -  1500-2250 MBH EA 30 
20398 D302001 BOILERS Gas/Oil, Steam -  1000-1500 MBH EA 30 
20399 D302001 BOILERS Gas/Oil, Steam -  4250-5000 MBH EA 30 
20400 D302001 BOILERS Gas/Oil, Hot Water -   3,500-4,250 MBH EA 30 
20401 D302001 BOILERS Gas/Oil, Hot Water - >12,500 MBH EA 30 
20402 D302001 BOILERS Gas/Oil, Hot Water -  10,000-12,500 MBH EA 30 
20403 D302001 BOILERS Gas/Oil, Hot Water -   7,500-10,000 MBH EA 30 
20404 D302001 BOILERS Gas/Oil, Hot Water -   5,750-7,500 MBH EA 30 
20405 D302001 BOILERS Gas/Oil, Hot Water -   5,000-5,750 MBH EA 30 
20406 D302001 BOILERS Gas/Oil, Hot Water -   4,250-5,000 MBH EA 30 
20407 D302001 BOILERS Gas/Oil, Hot Water -   2,750-3,500 MBH EA 30 
20408 D302001 BOILERS Gas/Oil, Hot Water -   2,250-2,750 MBH EA 30 
20409 D302001 BOILERS Gas/Oil, Hot Water -   1,750-2,250 MBH EA 30 
20410 D302001 BOILERS Gas/Oil, Hot Water -   1,250-1,750 MBH EA 30 
20411 D302001 BOILERS Gas/Oil, Hot Water -   1,000-1,250 MBH EA 30 
20412 D302001 BOILERS Gas/Oil, Hot Water -    <750 MBH EA 30 
20413 D302001 BOILERS Gas/Oil, Hot Water -    750-1,000 MBH EA 30 
20414 D302001 BOILERS Gas, Steam -   650-1000 MBH EA 30 
20415 D302001 BOILERS Gas, Steam -  5000-6500 MBH EA 30 
20416 D302001 BOILERS Gas, Steam -  4000-5000 MBH EA 30 
20417 D302001 BOILERS Gas, Steam -  3000-4000 MBH EA 30 
20418 D302001 BOILERS Gas, Steam -  1000-2000 MBH EA 30 
20419 D302001 BOILERS Gas, Steam - >6500 MBH EA 30 
20420 D302001 BOILERS Gas, Steam -   400-650 MBH EA 30 
20421 D302001 BOILERS Gas, Steam -   250-400 MBH EA 30 
20422 D302001 BOILERS Gas, Steam -   150-250 MBH EA 30 
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20423 D302001 BOILERS Gas, Steam -   <150 MBH EA 30 
20424 D302001 BOILERS Gas, Steam -  2000-3000 MBH EA 30 
20425 D302001 BOILERS Gas, Hot Water -  1800-2500 MBH EA 30 
20426 D302001 BOILERS Gas, Hot Water - >6500 MBH EA 30 
20427 D302001 BOILERS Gas, Hot Water -  5500-6500 MBH EA 30 
20428 D302001 BOILERS Gas, Hot Water -  4500-5500 MBH EA 30 
20429 D302001 BOILERS Gas, Hot Water -   150-250 MBH EA 30 
20430 D302001 BOILERS Gas, Hot Water -  3500-4500 MBH EA 30 
20431 D302001 BOILERS Gas, Hot Water -  2500-3500 MBH EA 30 
20432 D302001 BOILERS Gas, Hot Water -   900-1200 MBH EA 30 
20433 D302001 BOILERS Gas, Hot Water -   650-900 MBH EA 30 
20434 D302001 BOILERS Gas, Hot Water -   500-650 MBH EA 30 
20435 D302001 BOILERS Gas, Hot Water -   250-400 MBH EA 30 
20436 D302001 BOILERS Gas, Hot Water -   400-500 MBH EA 30 
20437 D302001 BOILERS Gas, Hot Water -   <150 MBH EA 30 
20438 D302001 BOILERS Gas, Hot Water -  1200-1800 MBH EA 30 
20439 D302001 BOILERS Electric, Steam -   180-255 KW, 614-870 MBH EA 30 
20440 D302001 BOILERS Electric, Steam - >2205 KW, >7524 MBH EA 30 
20441 D302001 BOILERS Electric, Steam -  1845-2205 KW, 6295-7524 MB EA 30 
20442 D302001 BOILERS Electric, Steam -  1440-1845 KW, 4914-6295 MB EA 30 
20443 D302001 BOILERS Electric, Steam -  1170-1440 KW, 3993-4914 MB EA 30 
20444 D302001 BOILERS Electric, Steam -   900-1170 KW, 3071-3993 MB EA 30 
20445 D302001 BOILERS Electric, Steam -   615-900 KW, 2098-3071 MBH EA 30 
20446 D302001 BOILERS Electric, Steam -   255-405 KW, 870-1382 MBH EA 30 
20447 D302001 BOILERS Electric, Steam -   135-180 KW, 461-614 MBH EA 30 
20448 D302001 BOILERS Electric, Steam -    90-135 KW, 307-461 MBH EA 30 
20449 D302001 BOILERS Electric, Steam -    48-90 KW, 164-307 MBH EA 30 
20450 D302001 BOILERS Electric, Steam -    25-48 KW, 92-164 MBH EA 30 
20451 D302001 BOILERS Electric, Steam -   <25 KW, <92 MBH EA 30 
20452 D302001 BOILERS Electric, Steam -   405-615 KW, 1382-2098 MBH EA 30 
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20453 D302002 FURNACES Gas, 150 MBH EA 15 
20454 D302002 FURNACES Oil, 200 MBH EA 15 
20455 D302002 FURNACES Oil, 300 MBH EA 15 
20456 D302002 FURNACES Solid Fuel EA 15 
20457 D302002 FURNACES Oil, 151 MBH EA 15 
20458 D302002 FURNACES Oil, 134 MBH EA 15 
20459 D302002 FURNACES Oil, 95 MBH EA 15 
20460 D302002 FURNACES Oil, 84 MBH EA 15 
20461 D302002 FURNACES Oil, 56 MBH EA 15 
20462 D302002 FURNACES Gas, 400 MBH EA 15 
20463 D302002 FURNACES Gas, 300 MBH EA 15 
20464 D302002 FURNACES Gas, 200 MBH EA 15 
20465 D302002 FURNACES Electric, 27.3 MBH EA 15 
20466 D302002 FURNACES Oil, 400 MBH EA 15 
20467 D302002 FURNACES Gas, 125 MBH EA 15 
20468 D302002 FURNACES Electric, 17.1 MBH EA 15 
20469 D302002 FURNACES Electric, 34.1 MBH EA 15 
20470 D302002 FURNACES Electric, 51.6 MBH EA 15 
20471 D302002 FURNACES Electric, 68.3 MBH EA 15 
20472 D302002 FURNACES Electric, 85.3 MBH EA 15 
20473 D302002 FURNACES Gas, 45 MBH EA 15 
20474 D302002 FURNACES Gas, 60 MBH EA 15 
20475 D302002 FURNACES Gas, 75 MBH EA 15 
20476 D302002 FURNACES Gas, 100 MBH EA 15 
20477 D302002 FURNACES Electric, 10.2 MBH EA 15 
20478 D303001 CHILLED WATER SYSTEMS Cooling Tower, Stainless Steel -  300 TN EA 15 
20479 D303001 CHILLED WATER SYSTEMS Cooling Tower, Stainless Steel -  600 TN EA 15 
20480 D303001 CHILLED WATER SYSTEMS Cooling Tower, Stainless Steel -  110 TN EA 15 
20481 D303001 CHILLED WATER SYSTEMS Cooling Tower, Stainless Steel -   60 TN EA 15 
20482 D303001 CHILLED WATER SYSTEMS Cooling Tower, Stainless Steel - 1000 TN EA 15 
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20483 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled -  750 TN EA 20 
20484 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled -  955 TN EA 20 
20485 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled - 1465 TN EA 20 
20486 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled - 1660 TN EA 20 
20487 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 60 
ton EA 15 
20488 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 120 
ton EA 15 
20489 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 60 ton EA 15 
20490 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 75 ton EA 15 
20491 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 80 ton EA 15 
20492 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 100 ton EA 15 
20493 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 5 
Ton EA 15 
20494 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 10 
ton EA 15 
20495 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 15 
ton EA 15 
20496 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 20 
ton EA 15 
20497 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 40 
ton EA 15 
20498 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 80 
ton EA 15 
20499 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 100 
ton EA 15 
20500 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 30 ton EA 15 
20501 D305006 PACKAGE UNITS 
Packaged DX Refrigerant System - Water Cooled, 30 
ton EA 15 
20502 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 5 Ton EA 15 
20503 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 40 ton EA 15 
20504 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 50 ton EA 15 
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20505 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 1.5 ton EA 15 
20506 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 2 ton EA 15 
20507 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 2.5 ton EA 15 
20508 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 3 ton EA 15 
20509 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 4 ton EA 15 
20510 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 7.5 ton EA 15 
20511 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 8.5 ton EA 15 
20512 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 10 ton EA 15 
20513 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 11 ton EA 15 
20514 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 15 ton EA 15 
20515 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 20 ton EA 15 
20516 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 25 ton EA 15 
20517 D305006 PACKAGE UNITS Packaged DX Refrigerant System - Air Cooled, 3.5 ton EA 15 
20518 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 90 ton EA 15 
20519 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 40 ton EA 15 
20520 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 150 ton EA 15 
20521 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 135 ton EA 15 
20522 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 125 ton EA 15 
20523 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 110 ton EA 15 
20524 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 100 ton EA 15 
20525 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 185 ton EA 15 
20526 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 165 ton EA 15 
20527 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 50 ton EA 15 
20528 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 30 ton EA 15 
20529 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 25 ton EA 15 
20530 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 20 ton EA 15 
20531 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 15 ton EA 15 
20532 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 10 ton EA 15 
20533 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 80 ton EA 15 
20534 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative - 65 ton EA 15 
183 
 
CMC Material Category Component Type UoM Design Life 
20535 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 136 ton EA 15 
20536 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 10 ton EA 15 
20537 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 12 ton EA 15 
20538 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 14 ton EA 15 
20539 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 16 ton EA 15 
20540 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 21 ton EA 15 
20541 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 26 ton EA 15 
20542 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 30 ton EA 15 
20543 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 52 ton EA 15 
20544 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 76 ton EA 15 
20545 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 86 ton EA 15 
20546 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 97 ton EA 15 
20547 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 105 ton EA 15 
20548 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 8 ton EA 15 
20549 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 126 ton EA 15 
20550 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 41 ton EA 15 
20551 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 142 ton EA 15 
20552 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 118 ton EA 15 
20553 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 81 ton EA 15 
20554 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 63 ton EA 15 
20555 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 5 ton EA 15 
20556 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 45 ton EA 15 
20557 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 50 ton EA 15 
20558 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 54 ton EA 15 
20559 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 59 ton EA 15 
20560 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 73 ton EA 15 
20561 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 86 ton EA 15 
20562 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 88 ton EA 15 
20563 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 1 ton EA 15 
20564 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 3 ton EA 15 
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20565 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 2 ton EA 15 
20566 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 65 ton EA 15 
20567 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Direct Drive, 1-1/2 ton EA 15 
20568 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 101 ton EA 15 
20569 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 471 ton EA 15 
20570 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 314 ton EA 15 
20571 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 228 ton EA 15 
20572 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled - Belt Drive, 159 ton EA 15 
20573 D303001 CHILLED WATER SYSTEMS Cooling Tower, Galvanized -  110 TN EA 15 
20574 D303001 CHILLED WATER SYSTEMS Cooling Tower, Galvanized - 1000 TN EA 15 
20575 D303001 CHILLED WATER SYSTEMS Cooling Tower, Galvanized -   60 TN EA 15 
20576 D303001 CHILLED WATER SYSTEMS Cooling Tower, Galvanized -  600 TN EA 15 
20577 D303001 CHILLED WATER SYSTEMS Cooling Tower, Galvanized -  300 TN EA 15 
20578 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Water Cooled -  60 TN EA 20 
20579 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Water Cooled - 200 TN EA 20 
20580 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Water Cooled - 150 TN EA 20 
20581 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Water Cooled - 100 TN EA 20 
20582 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled -  800 TN EA 20 
20583 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 1000 TN EA 20 
20584 D303001 CHILLED WATER SYSTEMS Chiller, Centrifugal, Water Cooled -  400 TN EA 20 
20585 D303001 CHILLED WATER SYSTEMS Chiller, Centrifugal, Water Cooled - 1000 TN EA 20 
20586 D303001 CHILLED WATER SYSTEMS Chiller, Centrifugal, Water Cooled -  200 TN EA 20 
20587 D303001 CHILLED WATER SYSTEMS Chiller, Centrifugal, Water Cooled - 1500 TN EA 20 
20588 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  50 TN EA 20 
20589 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled - 175 TN EA 20 
20590 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled - 130 TN EA 20 
20591 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled - 110 TN EA 20 
20592 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled - 100 TN EA 20 
20593 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  90 TN EA 20 
20594 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  70 TN EA 20 
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20595 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  60 TN EA 20 
20596 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  40 TN EA 20 
20597 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  30 TN EA 20 
20598 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  20 TN EA 20 
20599 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled - 210 TN EA 20 
20600 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled -  80 TN EA 20 
20601 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fiberglass -   60 TN EA 15 
20602 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fiberglass -  125 TN EA 15 
20603 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fiberglass -  300 TN EA 15 
20604 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fiberglass -  600 TN EA 15 
20605 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fiberglass - 1000 TN EA 15 
20606 D305003 FAN COIL UNITS DX - 7.5 ton EA 15 
20607 D305003 FAN COIL UNITS DX - 30 ton EA 15 
20608 D305003 FAN COIL UNITS DX - 15 ton EA 15 
20609 D305003 FAN COIL UNITS DX - 20 ton EA 15 
20610 D305003 FAN COIL UNITS DX - 11 ton EA 15 
20611 D305003 FAN COIL UNITS DX - 10 ton EA 15 
20612 D305003 FAN COIL UNITS DX - 4 ton EA 15 
20613 D305003 FAN COIL UNITS DX - 3.5 ton EA 15 
20614 D305003 FAN COIL UNITS DX - 3 ton EA 15 
20615 D305003 FAN COIL UNITS DX - 25 ton EA 15 
20616 D305003 FAN COIL UNITS DX - 2.5 ton EA 15 
20617 D305003 FAN COIL UNITS DX - 2 ton EA 15 
20618 D305003 FAN COIL UNITS DX - 1.5 ton EA 15 
20619 D305003 FAN COIL UNITS DX - 5 ton EA 15 
20620 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air - 3000 CFM EA 30 
20621 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air - 16,000 CFM EA 30 
20622 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air - 12,000 CFM EA 30 
20623 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air - 5000 CFM EA 30 
20624 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air - 2000 CFM EA 30 
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20625 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air - 8000 CFM EA 30 
20626 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 8" size, 100 HP, to 
3000 GPM EA 20 
20627 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 10" size, 150 HP, to 
4000 GPM EA 20 
20628 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 6" size, 50 HP, to 
1200 GPM EA 20 
20629 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 8" size, 75 HP, to 
2500 GPM EA 20 
20630 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Plate Type - 400 GPM EA 20 
20631 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Plate Type - 800 GPM EA 20 
20632 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Plate Type - 1200 GPM EA 20 
20633 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Plate Type - 1800 GPM EA 20 
20634 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Shell & Tube - 40 GPM EA 20 
20635 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Shell & Tube - 96 GPM EA 20 
20636 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Shell & Tube - 240 GPM EA 20 
20637 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Shell & Tube - 600 GPM EA 20 
20638 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 500 CFM EA 20 
20639 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 5000 CFM EA 10 
20640 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 8500 CFM EA 20 
20641 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 13,800 CFM EA 20 
20642 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 2750 CFM EA 20 
20643 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 800 CFM EA 20 
20644 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 3500 CFM EA 10 
20645 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust - 1500 CFM EA 10 
20646 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 33 lb. per hour EA 10 
20647 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 200 lb. per hour EA 10 
20648 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 150 lb. per hour EA 10 
20649 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 50 lb. per hour EA 10 
20650 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 22 lb. per hour EA 10 
20651 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 11 lb. per hour EA 10 
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20652 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier - 100 lb. per hour EA 10 
20653 D304007 EXHAUST SYSTEMS 
Commercial/Industrial Vacuum Dust Collection - 500 
CFM EA 10 
20654 D304007 EXHAUST SYSTEMS 
Commercial/Industrial Vacuum Dust Collection - 1000 
CFM EA 10 
20655 D304007 EXHAUST SYSTEMS 
Commercial/Industrial Vacuum Dust Collection - 1500 
CFM EA 10 
20656 D304007 EXHAUST SYSTEMS 
Commercial/Industrial Vacuum Dust Collection - 3000 
CFM EA 10 
20657 D304007 EXHAUST SYSTEMS 
Commercial/Industrial Vacuum Dust Collection - 5000 
CFM EA 10 
20658 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 120 to 155 lb./Hr., 4500 CFM EA 10 
20659 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 1060 to 1375 lb./Hr., 40,000 CFM EA 10 
20660 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 800 to 1030 lb./Hr., 30,000 CFM EA 10 
20661 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 530 to 690 lb./Hr., 20,000 CFM EA 10 
20662 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 240 to 310 lb./Hr., 9000 CFM EA 10 
20663 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 1.5 lb./Hr., 50 CFM EA 10 
20664 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 30 to 40 lb./Hr., 1125 CFM EA 10 
20665 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 16 to 20 lb./Hr., 600 CFM EA 10 
20666 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 6 lb./Hr., 150 CFM EA 10 
20667 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 3 lb./Hr., 150 CFM EA 10 
20668 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 400 to 515 lb./Hr., 15,000 CFM EA 10 
20669 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier - 60 to 75 lb./Hr., 2250 CFM EA 10 
20670 D304008 AIR HANDLING UNITS Central Station -  5000 CFM, VAV EA 25 
20671 D304008 AIR HANDLING UNITS Central Station - 30000 CFM, VAV EA 25 
20672 D304008 AIR HANDLING UNITS Central Station - 20000 CFM, VAV EA 25 
20673 D304008 AIR HANDLING UNITS Central Station - 10000 CFM, VAV EA 25 
20674 D304008 AIR HANDLING UNITS Central Station - 20000 CFM EA 25 
20675 D304008 AIR HANDLING UNITS Central Station - 15000 CFM EA 25 
20676 D304008 AIR HANDLING UNITS Central Station - 10000 CFM EA 25 
20677 D304008 AIR HANDLING UNITS Central Station -  5000 CFM EA 25 
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20678 D304008 AIR HANDLING UNITS Central Station -  2000 CFM EA 25 
20679 D304008 AIR HANDLING UNITS Central Station - 15000 CFM, VAV EA 25 
20680 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 2-1/2" size, 3 HP, to 
150 GPM EA 20 
20681 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 3" size, 5 HP, to 225 
GPM EA 20 
20682 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 4" size, 7-1/2 HP, to 
350 GPM EA 20 
20683 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 5" size, 15 HP, to 1000 
GPM EA 20 
20684 D304006 CHILLED WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 6" size, 25 HP, to 1550 
GPM EA 20 
20685 D304008 AIR HANDLING UNITS Field Fabricated - 60000 CFM EA 15 
20686 D304008 AIR HANDLING UNITS Field Fabricated - 100000 CFM, VAV EA 15 
20687 D304008 AIR HANDLING UNITS Field Fabricated - 150000 CFM, VAV EA 15 
20688 D304008 AIR HANDLING UNITS Field Fabricated - 75000 CFM EA 15 
20689 D304008 AIR HANDLING UNITS Field Fabricated - 40000 CFM EA 15 
20690 D304008 AIR HANDLING UNITS Field Fabricated -  75000 CFM, VAV EA 15 
20691 D305001 UNIT VENTILATORS Fan System, Utility Set - 2000 CFM EA 20 
20692 D305001 UNIT VENTILATORS Fan System, Utility Set - 3500 CFM EA 20 
20693 D305001 UNIT VENTILATORS Fan System, Utility Set - 5000 CFM EA 20 
20694 D305001 UNIT VENTILATORS Fan System, Utility Set - 7500 CFM EA 20 
20695 D305001 UNIT VENTILATORS Fan System, Utility Set - 10,000 CFM EA 20 
20696 D305001 UNIT VENTILATORS Fan System, Utility Set - 15,000 CFM EA 20 
20697 D305001 UNIT VENTILATORS Fan System, Utility Set - 20,000 CFM EA 20 
20698 D304008 AIR HANDLING UNITS Rooftop -  5000 CFM, VAV EA 15 
20699 D304008 AIR HANDLING UNITS Rooftop - 30000 CFM, VAV EA 15 
20700 D304008 AIR HANDLING UNITS Rooftop - 20000 CFM, VAV EA 15 
20701 D304008 AIR HANDLING UNITS Rooftop - 15000 CFM, VAV EA 15 
20702 D304008 AIR HANDLING UNITS Rooftop - 10000 CFM, VAV EA 15 
20703 D304008 AIR HANDLING UNITS Rooftop - 15000 CFM EA 15 
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20704 D304008 AIR HANDLING UNITS Rooftop - 10000 CFM EA 15 
20705 D304008 AIR HANDLING UNITS Rooftop -  5000 CFM EA 15 
20706 D304008 AIR HANDLING UNITS Rooftop -  2000 CFM EA 15 
20707 D304008 AIR HANDLING UNITS Rooftop - 20000 CFM EA 15 
20708 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 2 ton EA 15 
20709 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 3 ton, Elec. Heat EA 15 
20710 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 2 ton, Elec. Heat EA 15 
20711 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 1-1/2 ton, Elec. Heat EA 15 
20712 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 1 ton, Elec. Heat EA 15 
20713 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 3 ton EA 15 
20714 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 1-1/2 ton EA 15 
20715 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 1 ton EA 15 
20716 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 1/2 ton EA 15 
20717 D305003 FAN COIL UNITS Cab Mount, Two Pipe - 1/2 ton, Elec. Heat EA 15 
20718 D305003 FAN COIL UNITS Cab Mount, Four Pipe - 2 ton EA 15 
20719 D305003 FAN COIL UNITS Cab Mount, Four Pipe - 1/2 ton EA 15 
20720 D305003 FAN COIL UNITS Cab Mount, Four Pipe - 3 ton EA 15 
20721 D305003 FAN COIL UNITS Cab Mount, Four Pipe - 1 ton EA 15 
20722 D305003 FAN COIL UNITS Cab Mount, Four Pipe - 1-1/2 ton EA 15 
20723 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 1 ton, Elec. Heat EA 15 
20724 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 8 ton, Elec. Heat EA 15 
20725 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 7 ton, Elec. Heat EA 15 
20726 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 1-1/2 ton EA 15 
20727 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 6 ton, Elec. Heat EA 15 
20728 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 10 ton, Elec. Heat EA 15 
20729 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 5 ton, Elec. Heat EA 15 
20730 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 4 ton, Elec. Heat EA 15 
20731 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 3-1/2 ton, Elec. Heat EA 15 
20732 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 3 ton, Elec. Heat EA 15 
20733 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 2 ton, Elec. Heat EA 15 
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20734 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 1-1/2 ton, Elec. Heat EA 15 
20735 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 1/2 ton, Elec. Heat EA 15 
20736 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 10 ton EA 15 
20737 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 8 ton EA 15 
20738 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 7 ton EA 15 
20739 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 6 ton EA 15 
20740 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 5 ton EA 15 
20741 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 4 ton EA 15 
20742 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 3-1/2 ton EA 15 
20743 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 2 ton EA 15 
20744 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 1 ton EA 15 
20745 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 1/2 ton EA 15 
20746 D305003 FAN COIL UNITS Duct Mount, 2 Pipe - 3 ton EA 15 
20747 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 2 ton EA 15 
20748 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 1/2 ton EA 15 
20749 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 8 ton EA 15 
20750 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 10 ton EA 15 
20751 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 7 ton EA 15 
20752 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 6 ton EA 15 
20753 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 5 ton EA 15 
20754 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 4 ton EA 15 
20755 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 3.5 ton EA 15 
20756 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 3 ton EA 15 
20757 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 1 ton EA 15 
20758 D305003 FAN COIL UNITS Duct Mount, 4 Pipe - 1-1/2 ton EA 15 
20759 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 1500 CFM, Cooling Only EA 30 
20760 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 400 CFM, Hot Water Reheat EA 30 
20761 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 2000 CFM, Hot Water Reheat EA 30 
20762 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 1500 CFM, Hot Water Reheat EA 30 
20763 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 1250 CFM, Hot Water Reheat EA 30 
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20764 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 1000 CFM, Hot Water Reheat EA 30 
20765 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 800 CFM, Hot Water Reheat EA 30 
20766 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 600 CFM, Hot Water Reheat EA 30 
20767 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 400 CFM, Cooling Only EA 30 
20768 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 200 CFM, Hot Water Reheat EA 30 
20769 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 200 CFM, Cooling Only EA 30 
20770 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 600 CFM, Cooling Only EA 30 
20771 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 800 CFM, Cooling Only EA 30 
20772 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 1000 CFM, Cooling Only EA 30 
20773 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 1250 CFM, Cooling Only EA 30 
20774 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal - 2000 CFM, Cooling Only EA 30 
20775 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 200 CFM, Hot Water 
Reheat EA 30 
20776 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 1500 CFM, Hot Water 
Reheat EA 30 
20777 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 1250 CFM, Hot Water 
Reheat EA 30 
20778 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 1000 CFM, Hot Water 
Reheat EA 30 
20779 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 800 CFM, Hot Water 
Reheat EA 30 
20780 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 600 CFM, Hot Water 
Reheat EA 30 
20781 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 400 CFM, Hot Water 
Reheat EA 30 
20782 D304001 AIR DISTRIBUTION, HEATING & COOLING 
VAV Terminal, Fan Powered - 2000 CFM, Hot Water 
Reheat EA 30 
20783 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 1500 CFM, Cooling Only EA 30 
20784 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 1250 CFM, Cooling Only EA 30 
20785 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 1000 CFM, Cooling Only EA 30 
20786 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 800 CFM, Cooling Only EA 30 
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20787 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 600 CFM, Cooling Only EA 30 
20788 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 200 CFM, Cooling Only EA 30 
20789 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 400 CFM, Cooling Only EA 30 
20790 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered - 2000 CFM, Cooling Only EA 30 
20791 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 3500 CFM EA 20 
20792 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 500 CFM EA 20 
20793 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 10,000 CFM EA 20 
20794 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 5000 CFM EA 20 
20795 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 2500 CFM EA 20 
20796 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 1500 CFM EA 20 
20797 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 1300 CFM EA 20 
20798 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line - 7500 CFM EA 20 
20799 D305006 PACKAGE UNITS Heat Pump, Duct Mounted, Horizontal - 2 ton EA 20 
20800 D305006 PACKAGE UNITS Heat Pump, Duct Mounted, Horizontal - 3 ton EA 20 
20801 D305006 PACKAGE UNITS Heat Pump, Duct Mounted, Horizontal - 1-1/2 ton EA 20 
20802 D305006 PACKAGE UNITS Heat Pump, Duct Mounted, Horizontal - 1 ton EA 20 
20803 D305006 PACKAGE UNITS Heat Pump, Duct Mounted, Horizontal - 3-1/2 ton EA 20 
20804 D305002 UNIT HEATERS Infrared - 50 MBH EA 25 
20805 D305002 UNIT HEATERS Infrared - 105,000 BTU EA 25 
20806 D305002 UNIT HEATERS Infrared - 120 MBH EA 25 
20807 D305002 UNIT HEATERS Infrared - 24 kW, 81,912 BTU EA 25 
20808 D305002 UNIT HEATERS Infrared - 13.5 kW, 40,956 BTU EA 25 
20809 D305002 UNIT HEATERS Infrared - 6 kW, 20,478 BTU EA 25 
20810 D305002 UNIT HEATERS Infrared - 91,000 BTU EA 25 
20811 D305002 UNIT HEATERS Infrared - 105 MBH EA 25 
20812 D305002 UNIT HEATERS Infrared - 90 MBH EA 25 
20813 D305002 UNIT HEATERS Infrared - 60 MBH EA 25 
20814 D305002 UNIT HEATERS Infrared - 45 MBH EA 25 
20815 D305002 UNIT HEATERS Infrared - 30 MBH EA 25 
20816 D305002 UNIT HEATERS Infrared - 15 MBH EA 25 
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20817 D305002 UNIT HEATERS Infrared - 119,000 BTU EA 25 
20818 D305002 UNIT HEATERS Infrared - 75 MBH EA 25 
20819 D305005 ELECTRIC HEATING 480 volt, 15 kW EA 30 
20820 D305005 ELECTRIC HEATING 480 volt, 10 kW EA 30 
20821 D305005 ELECTRIC HEATING 480 volt, 50 kW EA 30 
20822 D305005 ELECTRIC HEATING 480 volt, 40 kW EA 30 
20823 D305005 ELECTRIC HEATING 480 volt, 30 kW EA 30 
20824 D305005 ELECTRIC HEATING 480 volt, 20 kW EA 30 
20825 D305005 ELECTRIC HEATING 480 volt, 13 kW EA 30 
20826 D305005 ELECTRIC HEATING 208-240 volt, 7 kW EA 25 
20827 D305005 ELECTRIC HEATING 480 volt, 25 kW EA 30 
20828 D305005 ELECTRIC HEATING 480 volt, 7 kW EA 30 
20829 D305005 ELECTRIC HEATING 208-240 volt, 5 kW EA 25 
20830 D305005 ELECTRIC HEATING 208-240 volt, 10 kW EA 25 
20831 D305005 ELECTRIC HEATING 208-240 volt, 15 kW EA 25 
20832 D305005 ELECTRIC HEATING 208-240 volt, 20 kW EA 25 
20833 D305005 ELECTRIC HEATING 208-240 volt, 25 kW EA 25 
20834 D305005 ELECTRIC HEATING 480 volt, 5 kW EA 30 
20835 D305004 FIN TUBE RADIATION Baseboard Heating - 6' long EA 30 
20836 D305004 FIN TUBE RADIATION Baseboard Heating - 8' long EA 30 
20837 D305004 FIN TUBE RADIATION Baseboard Heating - 2' long EA 30 
20838 D305004 FIN TUBE RADIATION Baseboard Heating - 10' long EA 30 
20839 D305006 PACKAGE UNITS Heat Pump, Thru-Wall - 1/2 ton EA 20 
20840 D305006 PACKAGE UNITS Heat Pump, Thru-Wall - 3/4 ton EA 20 
20841 D305006 PACKAGE UNITS Heat Pump, Thru-Wall - 1 ton EA 20 
20842 D305006 PACKAGE UNITS Heat Pump, Thru-Wall - 1-1/2 ton EA 20 
20843 D305006 PACKAGE UNITS Heat Pump, Thru-Wall - 2 ton EA 20 
20844 D305006 PACKAGE UNITS A/C Unit, Thru-Wall - 1/2 ton EA 20 
20845 D305006 PACKAGE UNITS A/C Unit, Thru-Wall - 2 ton EA 20 
20846 D305006 PACKAGE UNITS A/C Unit, Thru-Wall - 1-1/2 ton EA 20 
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20847 D305006 PACKAGE UNITS A/C Unit, Thru-Wall - 3/4 ton EA 20 
20848 D305006 PACKAGE UNITS A/C Unit, Thru-Wall - 1 ton EA 20 
20849 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top - 10 ton EA 20 
20850 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top - 20 ton EA 20 
20851 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top - 30 ton EA 20 
20852 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top - 40 ton EA 20 
20853 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top - 50 ton EA 20 
20854 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top - 60 ton EA 20 
20855 D302003 FUEL-FIRED UNIT HEATERS Gas - 200 MBH EA 30 
20856 D302003 FUEL-FIRED UNIT HEATERS Gas - 280 MBH EA 30 
20857 D302003 FUEL-FIRED UNIT HEATERS Gas - 160 MBH EA 25 
20858 D302003 FUEL-FIRED UNIT HEATERS Gas - 20 MBH EA 25 
20859 D302003 FUEL-FIRED UNIT HEATERS Gas - 60 MBH EA 30 
20860 D302003 FUEL-FIRED UNIT HEATERS Gas - 320 MBH EA 30 
20861 D302003 FUEL-FIRED UNIT HEATERS Gas - 100 MBH EA 25 
20862 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station - 20 ton EA 20 
20863 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station - 50 ton EA 20 
20864 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station - 30 ton EA 20 
20865 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station - 5 ton EA 20 
20866 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station - 40 ton EA 20 
20867 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station - 10 ton EA 20 
20868 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 30 ton EA 20 
20869 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 60 ton, VAV EA 20 
20870 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 50 ton, VAV EA 20 
20871 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 40 ton, VAV EA 20 
20872 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 30 ton, VAV EA 20 
20873 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 20 ton, VAV EA 20 
20874 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 10 ton, VAV EA 20 
20875 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 40 ton EA 20 
20876 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 20 ton EA 20 
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20877 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 10 ton EA 20 
20878 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 5 ton EA 20 
20879 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat - 50 ton EA 20 
20880 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 40 ton EA 20 
20881 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 60 ton, VAV EA 20 
20882 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 50 ton, VAV EA 20 
20883 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 40 ton, VAV EA 20 
20884 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 30 ton, VAV EA 20 
20885 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 20 ton, VAV EA 20 
20886 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 10 ton, VAV EA 20 
20887 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 30 ton EA 20 
20888 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 20 ton EA 20 
20889 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 10 ton EA 20 
20890 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 5 ton EA 20 
20891 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat - 50 ton EA 20 
20892 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 40 ton EA 20 
20893 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 60 ton, VAV EA 20 
20894 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 50 ton, VAV EA 20 
20895 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 40 ton, VAV EA 20 
20896 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 30 ton, VAV EA 20 
20897 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 20 ton, VAV EA 20 
20898 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 50 ton EA 20 
20899 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 30 ton EA 20 
20900 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 20 ton EA 20 
20901 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 10 ton EA 20 
20902 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 5 ton EA 20 
20903 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat - 10 ton, VAV EA 20 
20904 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 20 ton, VAV EA 20 
20905 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 10 ton, VAV EA 20 
20906 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 60 ton, VAV EA 20 
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20907 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 50 ton, VAV EA 20 
20908 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 30 ton, VAV EA 20 
20909 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 40 ton EA 20 
20910 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 30 ton EA 20 
20911 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 20 ton EA 20 
20912 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 10 ton EA 20 
20913 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 5 ton EA 20 
20914 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 50 ton EA 20 
20915 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat - 40 ton, VAV EA 20 
20916 D305006 PACKAGE UNITS A/C Unit, Computer Room - Water Cooled, 20 ton EA 20 
20917 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 5 ton EA 20 
20918 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 10 ton EA 20 
20919 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 20 ton EA 20 
20920 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 23 ton EA 20 
20921 D305006 PACKAGE UNITS A/C Unit, Computer Room - Water Cooled, 3 ton EA 20 
20922 D305006 PACKAGE UNITS A/C Unit, Computer Room - Water Cooled, 5 ton EA 20 
20923 D305006 PACKAGE UNITS A/C Unit, Computer Room - Water Cooled, 15 ton EA 20 
20924 D305006 PACKAGE UNITS A/C Unit, Computer Room - Water Cooled, 23 ton EA 20 
20925 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 8 ton EA 20 
20926 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 3 ton EA 20 
20927 D305006 PACKAGE UNITS A/C Unit, Computer Room - Water Cooled, 8 ton EA 20 
20928 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 23 ton EA 20 
20929 D305006 PACKAGE UNITS A/C Unit, Computer Room - Glycol System, 15 ton EA 20 
20930 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 5 ton EA 20 
20931 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 8 ton EA 20 
20932 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 10 ton EA 20 
20933 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 20 ton EA 20 
20934 D305006 PACKAGE UNITS A/C Unit, Computer Room - Chilled Water, 5 ton EA 20 
20935 D305006 PACKAGE UNITS A/C Unit, Computer Room - Chilled Water, 8 ton EA 20 
20936 D305006 PACKAGE UNITS A/C Unit, Computer Room - Chilled Water, 23 ton EA 20 
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20937 D305006 PACKAGE UNITS A/C Unit, Computer Room - Chilled Water, 10 ton EA 20 
20938 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 3 ton EA 20 
20939 D305006 PACKAGE UNITS A/C Unit, Computer Room - Chilled Water, 15 ton EA 20 
20940 D305006 PACKAGE UNITS A/C Unit, Computer Room - Chilled Water, 20 ton EA 20 
20941 D305006 PACKAGE UNITS A/C Unit, Computer Room - Air Cooled, 15 ton EA 20 
20942 D305002 UNIT HEATERS Hydronic - 150 MBH EA 30 
20943 D305002 UNIT HEATERS Hydronic - 200 MBH EA 30 
20944 D305002 UNIT HEATERS Hydronic - 100 MBH EA 30 
20945 D305002 UNIT HEATERS Hydronic - 60 MBH EA 30 
20946 D305002 UNIT HEATERS Hydronic - 20 MBH EA 30 
20947 D305002 UNIT HEATERS Hydronic - 300 MBH EA 30 
20948 D305006 PACKAGE UNITS Rooftop Unit - 18 ton, VAV EA 20 
20949 D305006 PACKAGE UNITS Rooftop Unit - 5 ton EA 20 
20950 D305006 PACKAGE UNITS Rooftop Unit - 60 ton, VAV EA 20 
20951 D305006 PACKAGE UNITS Rooftop Unit - 80 ton, VAV EA 20 
20952 D305006 PACKAGE UNITS Rooftop Unit - 40 ton, VAV EA 20 
20953 D305006 PACKAGE UNITS Rooftop Unit - 25 ton, VAV EA 20 
20954 D305006 PACKAGE UNITS Rooftop Unit - 40 ton EA 20 
20955 D305006 PACKAGE UNITS Rooftop Unit - 25 ton EA 20 
20956 D305006 PACKAGE UNITS Rooftop Unit - 18 ton EA 20 
20957 D305006 PACKAGE UNITS Rooftop Unit - 7-1/2 ton EA 20 
20958 D305006 PACKAGE UNITS Rooftop Unit - 12-1/2 ton, VAV EA 20 
20959 D305006 PACKAGE UNITS Rooftop Unit - 12-1/2 ton EA 20 
20960 D305006 PACKAGE UNITS Heat Pump, Water Source, Console - 1 ton EA 20 
20961 D305006 PACKAGE UNITS Heat Pump, Water Source, Console - 1-1/2 ton EA 20 
20962 D305006 PACKAGE UNITS Heat Pump, Water Source, Console - 2 ton EA 20 
20963 D305006 PACKAGE UNITS Heat Pump, Water Source, Console - 3 ton EA 20 
20964 D305006 PACKAGE UNITS Heat Pump, Water Source, Console - 3-1/2 ton EA 20 
20965 D304007 EXHAUST SYSTEMS Industrial Exhaust System - 12,000 CFM, 30 H.P. EA 35 
20966 D304007 EXHAUST SYSTEMS Industrial Exhaust System - 1000 CFM, 1-1/2 H.P. EA 35 
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20967 D304007 EXHAUST SYSTEMS Industrial Exhaust System - 2000 CFM, 3 H.P. EA 35 
20968 D304007 EXHAUST SYSTEMS Industrial Exhaust System - 4000 CFM, 7-1/2 H.P. EA 35 
20969 D304007 EXHAUST SYSTEMS Industrial Exhaust System - 8000 CFM, 15 H.P. EA 35 
20970 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 300 lb., 10 gallon, ASME EA 20 
20971 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 300 lb., 5 gallon, ASME EA 20 
20972 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 150 lb., 10 gallon, ASME EA 20 
20973 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 150 lb., 5 gallon, ASME EA 20 
20974 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 175 PSIG, 12 gallon EA 20 
20975 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 125 PSIG, 1.7 gallon EA 20 
20976 D302004 AUXILIARY EQUIPMENT Chemical Feedwater - 175 PSIG, 5 gallon EA 20 
20977 D304007 EXHAUST SYSTEMS 
Garage Exhaust Systems - Single exhaust, 3" outlet, 1 
bay EA 10 
20978 D304007 EXHAUST SYSTEMS 
Garage Exhaust Systems - Dual exhaust, 3" outlets, 
pair of adjoining bays EA 10 
20979 D304007 EXHAUST SYSTEMS Fume Hood Exhaust System - 10', 8000 CFM EA 10 
20980 D304007 EXHAUST SYSTEMS Fume Hood Exhaust System - 6', 5000 CFM EA 10 
20981 D304007 EXHAUST SYSTEMS Fume Hood Exhaust System - 3', 1000 CFM EA 10 
20982 D304007 EXHAUST SYSTEMS Fume Hood Exhaust System - 6', 3500 CFM EA 10 
20983 D304007 EXHAUST SYSTEMS Fume Hood Exhaust System - 4', 2000 CFM EA 10 
20984 D404001 SPRINKLERS AND RELEASING DEVICES Dry Pipe Systems - extra hazard SF 75 
20985 D404001 SPRINKLERS AND RELEASING DEVICES Dry Pipe Systems - light hazard SF 75 
20986 D404001 SPRINKLERS AND RELEASING DEVICES Dry Pipe Systems - ordinary hazard SF 75 
20987 D404001 SPRINKLERS AND RELEASING DEVICES Preaction Systems - extra hazard SF 75 
20988 D404001 SPRINKLERS AND RELEASING DEVICES Preaction Systems - ordinary hazard SF 75 
20989 D404001 SPRINKLERS AND RELEASING DEVICES Preaction Systems - light hazard SF 75 
20990 D404001 SPRINKLERS AND RELEASING DEVICES Deluge Systems - light hazard SF 75 
20991 D404001 SPRINKLERS AND RELEASING DEVICES Deluge Systems - ordinary hazard SF 75 
20992 D404001 SPRINKLERS AND RELEASING DEVICES Deluge Systems - extra hazard SF 75 
20993 D404001 SPRINKLERS AND RELEASING DEVICES Firecycle Systems - light hazard SF 75 
20994 D404001 SPRINKLERS AND RELEASING DEVICES Firecycle Systems - ordinary hazard SF 75 
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20995 D404001 SPRINKLERS AND RELEASING DEVICES Firecycle Systems - extra hazard SF 75 
20996 D404001 SPRINKLERS AND RELEASING DEVICES Wet Pipe Systems - light hazard SF 75 
20997 D404001 SPRINKLERS AND RELEASING DEVICES Wet Pipe Systems - ordinary hazard SF 75 
20998 D404001 SPRINKLERS AND RELEASING DEVICES Wet Pipe Systems - extra hazard SF 75 
20999 D403001 STANDPIPE EQUIPMENT & PIPING Riser - 2" diam EA 20 
21000 D403001 STANDPIPE EQUIPMENT & PIPING Riser - 2-1/2" diam EA 20 
21001 D403001 STANDPIPE EQUIPMENT & PIPING Riser - 4" diam EA 20 
21002 D403001 STANDPIPE EQUIPMENT & PIPING Riser - 6" diam EA 20 
21003 D403001 STANDPIPE EQUIPMENT & PIPING Riser - 8" diam EA 20 
21004 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 4" EA 40 
21005 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 8" EA 40 
21006 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 6" EA 40 
21007 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 2" EA 40 
21008 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 1-1/2" EA 40 
21009 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 1" EA 40 
21010 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer - 3" EA 40 
21011 D402002 FIRE PUMP 5" pump, 40 HP, 1000 GPM EA 20 
21012 D402002 FIRE PUMP 5" pump, 100 HP, 1000 GPM EA 20 
21013 D402002 FIRE PUMP 4" pump, 30 HP, 500 GPM EA 20 
21014 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - Single Phase, 120/240 V, 100 A EA 35 
21015 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - Single Phase, 120/240 V, 200 A EA 35 
21016 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 2000 A EA 35 
21017 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 1600 A EA 35 
21018 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 1200 A EA 35 
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21019 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 1000 A EA 35 
21020 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 60 A EA 35 
21021 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 600 A EA 35 
21022 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 400 A EA 35 
21023 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 200 A EA 35 
21024 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 100 A EA 35 
21025 D501002 SERVICE ENTRANCE EQUIPMENT Electrical Service - 3 Phase, 120/208 V, 800 A EA 35 
21026 D501004 PANELBOARDS Switchgear - 400 Amp EA 50 
21027 D501004 PANELBOARDS Switchgear - 2000 Amp EA 50 
21028 D501004 PANELBOARDS Switchgear - 1600 Amp EA 50 
21029 D501004 PANELBOARDS Switchgear - 1200 Amp EA 50 
21030 D501004 PANELBOARDS Switchgear - 800 Amp EA 50 
21031 D501004 PANELBOARDS Switchgear - 600 Amp EA 50 
21032 D501004 PANELBOARDS Transfer Switch - Automatic, 400 amp EA 40 
21033 D501004 PANELBOARDS Transfer Switch - Automatic, 1000 amp EA 40 
21034 D501004 PANELBOARDS Transfer Switch - Non-automatic, 400 Amp, Electric EA 40 
21035 D501004 PANELBOARDS Transfer Switch - Non-automatic, 200 Amp, Electric EA 40 
21036 D501004 PANELBOARDS Transfer Switch - Non-automatic, 100 Amp, Electric EA 40 
21037 D501004 PANELBOARDS Transfer Switch - Non-automatic, 60 Amp, Electric EA 40 
21038 D501004 PANELBOARDS Transfer Switch - Non-automatic, 30 Amp, Electric EA 40 
21039 D501004 PANELBOARDS Transfer Switch - Automatic, 2000 amp EA 40 
21040 D501004 PANELBOARDS Transfer Switch - Automatic, 1200 amp EA 40 
21041 D501004 PANELBOARDS Transfer Switch - Automatic, 800 amp EA 40 
21042 D501004 PANELBOARDS Transfer Switch - Automatic, 600 amp EA 40 
21043 D501004 PANELBOARDS Transfer Switch - Non-automatic, 600 Amp, Electric EA 40 
21044 D501004 PANELBOARDS Transfer Switch - Non-automatic, 600 Amp, Manual EA 40 
21045 D501004 PANELBOARDS Transfer Switch - Automatic, 260 amp EA 40 
21046 D501004 PANELBOARDS Transfer Switch - Automatic, 1600 amp EA 40 
21047 D501004 PANELBOARDS Transfer Switch - Non-automatic, 30 Amp, Manual EA 40 
21048 D501004 PANELBOARDS Transfer Switch - Non-automatic, 60 Amp, Manual EA 40 
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21049 D501004 PANELBOARDS Transfer Switch - Non-automatic, 100 Amp, Manual EA 40 
21050 D501004 PANELBOARDS Transfer Switch - Non-automatic, 400 Amp, Manual EA 40 
21051 D501004 PANELBOARDS Transfer Switch - Automatic, 30 amp EA 40 
21052 D501004 PANELBOARDS Transfer Switch - Automatic, 60 amp EA 40 
21053 D501004 PANELBOARDS Transfer Switch - Automatic, 100 amp EA 40 
21054 D501004 PANELBOARDS Transfer Switch - Automatic, 150 amp EA 40 
21055 D501004 PANELBOARDS Transfer Switch - Automatic, 225 amp EA 40 
21056 D501004 PANELBOARDS Transfer Switch - Non-automatic, 200 Amp, Manual EA 40 
21057 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 1000 
kVA EA 50 
21058 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 3000 
kVA EA 50 
21059 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 1500 
kVA EA 50 
21060 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 1000 
kVA EA 50 
21061 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 2000 
kVA EA 50 
21062 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 2500 
kVA EA 50 
21063 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 112.5 
kVA EA 50 
21064 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 150 
kVA EA 50 
21065 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 225 
kVA EA 50 
21066 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 300 
kVA EA 50 
21067 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 750 
kVA EA 50 
21068 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 750 
kVA EA 50 
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21069 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 300 
kVA, non-ventilated EA 50 
21070 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 1500 
kVA EA 50 
21071 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 2000 
kVA EA 50 
21072 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 500 
kVA EA 50 
21073 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 112.5 
kVA, non-ventilated EA 50 
21074 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
5.0 kVA EA 40 
21075 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 2500 
kVA EA 50 
21076 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 300 
kVA, K-13 rated EA 50 
21077 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 500 
kVA, K-13 rated EA 50 
21078 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 15 kVA, 
non-ventilated EA 50 
21079 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 30 kVA, 
non-ventilated EA 50 
21080 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 150 
kVA EA 50 
21081 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 75 kVA, 
non-ventilated EA 50 
21082 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 500 
kVA EA 50 
21083 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 150 
kVA, non-ventilated EA 50 
21084 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 225 
kVA, non-ventilated EA 50 
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21085 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 112.5 
kVA EA 50 
21086 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 225 
kVA EA 50 
21087 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 225 
kVA, K-13 rated EA 50 
21088 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 5 kV primary 277/480 volt secondary, 300 
kVA EA 50 
21089 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 45 kVA, 
non-ventilated EA 50 
21090 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 30 
kVA EA 40 
21091 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
2.0 kVA EA 40 
21092 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
0.50 kVA EA 40 
21093 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
1.0 kVA EA 40 
21094 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
1.5 kVA EA 40 
21095 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 150 
kVA, K-13 rated EA 50 
21096 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
3.0 kVA EA 40 
21097 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/208 V secondary, 
750 kVA EA 40 
21098 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 15 
kVA EA 40 
21099 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/208 V secondary, 
500 kVA EA 40 
21100 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 45 
kVA EA 40 
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21101 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 75 
kVA EA 40 
21102 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 
112.5 kVA EA 40 
21103 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 150 
kVA EA 40 
21104 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 225 
kVA EA 40 
21105 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 240 V primary 208/120 V secondary, 300 
kVA EA 40 
21106 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
0.25 kVA EA 40 
21107 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 25 
kVA EA 40 
21108 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 
0.50 kVA EA 40 
21109 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 1 
kVA EA 40 
21110 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 2 
kVA EA 40 
21111 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 3 
kVA EA 40 
21112 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 5 
kVA EA 40 
21113 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 7.5 
kVA EA 40 
21114 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
0.10 kVA EA 40 
21115 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 15 
kVA EA 40 
21116 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 15 kV primary 277/480 volt secondary, 3000 
kVA EA 50 
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21117 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 
37.5 kVA EA 40 
21118 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 75 
kVA EA 40 
21119 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/208 V secondary, 
112.5 kVA EA 40 
21120 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/208 V secondary, 
150 kVA EA 40 
21121 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/208 V secondary, 
225 kVA EA 40 
21122 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/208 V secondary, 
300 kVA EA 40 
21123 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Isolation, 120/240 V primary 120/240 V secondary, 10 
kVA EA 40 
21124 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 2500 kVA EA 50 
21125 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 15 
kVA EA 50 
21126 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 225 kVA EA 50 
21127 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 300 kVA EA 50 
21128 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 500 kVA EA 50 
21129 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 750 kVA EA 50 
21130 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 1000 kVA EA 50 
21131 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 75 
kVA EA 30 
21132 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 2000 kVA EA 50 
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21133 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 50 
kVA EA 30 
21134 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 1 
kVA EA 50 
21135 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 2 
kVA EA 50 
21136 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 3 
kVA EA 50 
21137 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 5 
kVA EA 50 
21138 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 7.5 
kVA EA 50 
21139 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 10 
kVA EA 50 
21140 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
liquid-filled, 5 kV or 15 kV primary, 277/480 V 
secondary, 1500 kVA EA 50 
21141 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 1500 
kVA EA 50 
21142 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 112.5 
kVA, K-13 rated EA 50 
21143 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
Buck-boost, 120/240 V primary 12/24 V secondary, 
0.75 kVA EA 40 
21144 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 150 
kVA EA 50 
21145 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 225 
kVA EA 50 
21146 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 300 
kVA EA 50 
21147 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 500 
kVA EA 50 
21148 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 100 
kVA EA 30 
207 
 
CMC Material Category Component Type UoM Design Life 
21149 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 1000 
kVA EA 50 
21150 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 25 
kVA EA 30 
21151 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 2000 
kVA EA 50 
21152 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 2500 
kVA EA 50 
21153 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 3000 
kVA EA 50 
21154 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 3750 
kVA EA 50 
21155 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 15 
kVA EA 30 
21156 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 37.5 
kVA EA 30 
21157 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 15 kV primary, 277/480 V secondary, 750 
kVA EA 50 
21158 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 150 
kVA, K-4 rated EA 50 
21159 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 25 
kVA EA 50 
21160 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 1000 
kVA EA 50 
21161 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 45 kVA, 
K-13 rated EA 50 
21162 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 15 kVA, 
K-4 rated EA 50 
21163 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 30 kVA, 
K-4 rated EA 50 
21164 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 45 kVA, 
K-4 rated EA 50 
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21165 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 750 
kVA EA 50 
21166 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 112.5 
kVA, K-4 rated EA 50 
21167 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 500 
kVA EA 50 
21168 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 225 
kVA, K-4 rated EA 50 
21169 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 300 
kVA, K-4 rated EA 50 
21170 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 500 
kVA, K-4 rated EA 50 
21171 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 15 kVA, 
K-13 rated EA 50 
21172 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 30 kVA, 
K-13 rated EA 50 
21173 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
oil-filled, 2400 V primary, 120/240 V secondary, 10 
kVA EA 30 
21174 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 75 kVA, 
K-4 rated EA 50 
21175 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 9 kVA EA 50 
21176 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 
37.5 kVA EA 50 
21177 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 50 
kVA EA 50 
21178 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 75 
kVA EA 50 
21179 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 
100 kVA EA 50 
21180 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 240/480 V primary 120/240 V secondary, 
167 kVA EA 50 
21181 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 75 kVA, 
K-13 rated EA 50 
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21182 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 6 kVA EA 50 
21183 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 15 kVA EA 50 
21184 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 30 kVA EA 50 
21185 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 45 kVA EA 50 
21186 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 75 kVA EA 50 
21187 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 112.5 
kVA EA 50 
21188 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 150 
kVA EA 50 
21189 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 225 
kVA EA 50 
21190 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
dry-type, 480 V primary 120/208 V secondary, 300 
kVA EA 50 
21191 D501003 INTERIOR DISTRIBUTION TRANSFORMERS dry-type, 480 V primary 120/208 V secondary, 3 kVA EA 50 
21192 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 3, 50 HP, 24" high EA 40 
21193 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 6, 400 HP, 72" high EA 40 
21194 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 5, 200 HP, 48" high EA 40 
21195 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 2, 25 HP, 18" high EA 40 
21196 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 1, 10 HP, 12" high EA 40 
21197 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 4, 100 HP, 30" high EA 40 
21198 D501006 MOTOR CONTROL CENTERS Motor Control Center - Size 4, 75 HP, 24" high EA 40 
21199 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/208 V, 400 amp, NQOD EA 50 
21200 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 277/480 V, 600 amp, NEHB EA 50 
21201 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 277/480 V, 400 amp, NEHB EA 50 
21202 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 277/480 V, 225 amp, NEHB EA 50 
21203 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/208 V, 600 amp, NQOD EA 50 
21204 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/208 V, 225 amp, NQOD EA 50 
21205 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/208 V, 100 amp, NQOD EA 50 
21206 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/240 V, 400 amp, NQOD EA 50 
21207 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/240 V, 225 amp, NQOD EA 50 
21208 D501004 PANELBOARDS Main lugs, 120/240 V, 225 amp, NQOD EA 40 
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21209 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 277/480 V, 100 amp, NEHB EA 50 
21210 D501005 ENCLOSED CIRCUIT BREAKERS Main circuit breaker, 120/240 V, 100 amp, NQOD EA 50 
21211 D501004 PANELBOARDS Main lugs, 120/240 V, 100 amp, NQOD EA 40 
21212 D501004 PANELBOARDS Main lugs, 120/208 V, 100 amp, NQOD EA 40 
21213 D501004 PANELBOARDS Main lugs, 120/208 V, 225 amp, NQOD EA 40 
21214 D501004 PANELBOARDS Main lugs, 120/208 V, 225 amp, NQOD, NEMA 7 EA 40 
21215 D501004 PANELBOARDS Main lugs, 277/480 V, 100 amp, NEHB EA 40 
21216 D501004 PANELBOARDS Main lugs, 277/480 V, 225 amp, NEHB EA 40 
21217 D501004 PANELBOARDS Main lugs, 277/480 V, 225 amp, NEHB, NEMA 7 EA 40 
21218 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 25 kVAR EA 30 
21219 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 2 kVAR EA 30 
21220 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 30 kVAR EA 30 
21221 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 40 kVAR EA 30 
21222 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 15 kVAR EA 30 
21223 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 1 kVAR EA 30 
21224 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 20 kVAR EA 30 
21225 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 5 kVAR EA 30 
21226 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 7.5 kVAR EA 30 
21227 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 10 kVAR EA 30 
21228 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 20 kVAR EA 30 
21229 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 35 kVAR EA 30 
21230 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 50 kVAR EA 30 
21231 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 600 V, 15 kVAR EA 30 
21232 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 7.5 kVAR EA 30 
21233 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 10 kVAR EA 30 
21234 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 50 kVAR EA 30 
21235 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 0.5 kVAR EA 30 
21236 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 1.0 kVAR EA 30 
21237 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 5.0 kVAR EA 30 
21238 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 10 kVAR EA 30 
211 
 
CMC Material Category Component Type UoM Design Life 
21239 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 15 kVAR EA 30 
21240 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 20 kVAR EA 30 
21241 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 25 kVAR EA 30 
21242 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 1 kVAR EA 30 
21243 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 2 kVAR EA 30 
21244 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 5 kVAR EA 30 
21245 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 480 V, 7.5 kVAR EA 30 
21246 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank - 240 V, 2.5 kVAR EA 30 
21247 D502002 LIGHTING EQUIPMENT 
Interior Lighting, High Intensity - Metal Halide 400 W 
(Type B) EA 20 
21248 D502002 LIGHTING EQUIPMENT 
Interior Lighting, High Intensity - Metal Halide 250 W 
(Type J) EA 20 
21249 D502002 LIGHTING EQUIPMENT 
Interior Lighting, High Intensity - High Pressure 
Sodium 400 W (Type C) EA 20 
21250 D502002 LIGHTING EQUIPMENT 
Interior Lighting, High Intensity - High Pressure 
Sodium 150 W (Type K) EA 20 
21251 D502002 LIGHTING EQUIPMENT 
Interior Lighting, High Intensity - High Pressure 
Sodium 1000 W (Type F) EA 20 
21252 D502002 LIGHTING EQUIPMENT 
Interior Lighting, High Intensity - Metal Halide 1000 W 
(Type G) EA 20 
21253 D502002 LIGHTING EQUIPMENT 
Exterior Lighting - High pressure sodium, wall pack, 70 
W EA 25 
21254 D502002 LIGHTING EQUIPMENT Exterior Lighting - Incandescent, wall mounted, 100 W EA 25 
21255 D502002 LIGHTING EQUIPMENT Exterior Lighting - Metal halide, wall pack, 250 W EA 25 
21256 D502002 LIGHTING EQUIPMENT Exterior Lighting - Metal halide, wall pack, 175 W EA 25 
21257 D502002 LIGHTING EQUIPMENT 
Exterior Lighting - High pressure sodium, wall pack, 
150 W EA 25 
21258 D502002 LIGHTING EQUIPMENT 
Exterior Lighting - Low pressure sodium, wall pack, 35 
W EA 25 
21259 D502002 LIGHTING EQUIPMENT Exterior Lighting - Quartz, wall mounted, 1500 W EA 25 
21260 D502002 LIGHTING EQUIPMENT Exterior Lighting - Quartz, wall mounted, 500 W EA 25 
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21261 D502002 LIGHTING EQUIPMENT 
Exterior Lighting - Low pressure sodium, wall pack, 55 
W EA 25 
21262 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Incandescent - Recessed reflector 
w/flat glass lens 150 W (Type A) EA 20 
21263 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Incandescent - Recessed R-40 flood 
lamp w/flat reflector 150 W (Type D) EA 20 
21264 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Incandescent - Recessed downlight 
w/baffles 150 W (Type B) EA 20 
21265 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Incandescent - Recessed PAR-38 
flood lamp w/louver 150 W (Type C) EA 20 
21266 D502002 LIGHTING EQUIPMENT Interior Lighting, Fluorescent - Strip Fixture (Type A) EA 20 
21267 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Fluorescent - Surface Mounted (Type 
B) EA 20 
21268 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Fluorescent - Recessed Fixture (Type 
C) EA 20 
21269 D502002 LIGHTING EQUIPMENT 
Interior Lighting, Fluorescent - Pendant Mounted 
(Type D) EA 20 
21270 D502002 LIGHTING EQUIPMENT 
Explosion Proof Lighting - Metal halide, ceiling, 
pendent mounted, 200 W EA 20 
21271 D502002 LIGHTING EQUIPMENT 
Explosion Proof Lighting - Fluorescent, ceiling 
mounted, 4-40 W, 4' L EA 20 
21272 D502002 LIGHTING EQUIPMENT 
Explosion Proof Lighting - Fluorescent, ceiling 
mounted, 3-40 W, 4' L EA 20 
21273 D502002 LIGHTING EQUIPMENT 
Explosion Proof Lighting - Fluorescent, ceiling 
mounted, 2-40 W, 4' L EA 20 
21274 D502002 LIGHTING EQUIPMENT 
Explosion Proof Lighting - High pressure sodium, 
ceiling, pendent mounted, 100 W EA 20 
21275 D502002 LIGHTING EQUIPMENT 
Explosion Proof Lighting - Incandescent, ceiling 
mounted, 200 W EA 20 
21276 D503003 INTERCOMMUNICATIONS SYSTEMS 50 stations EA 15 
21277 D503003 INTERCOMMUNICATIONS SYSTEMS 100 stations EA 15 
21278 D503003 INTERCOMMUNICATIONS SYSTEMS 25 stations EA 15 
21279 D503003 INTERCOMMUNICATIONS SYSTEMS 12 stations EA 15 
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21280 D503003 INTERCOMMUNICATIONS SYSTEMS 6 stations EA 15 
21281 D401001 FIRE ALARM DISTRIBUTION Fire detection systems, 100 detectors EA 20 
21282 D401001 FIRE ALARM DISTRIBUTION Fire detection systems,  25 detectors EA 20 
21283 D401001 FIRE ALARM DISTRIBUTION Fire detection systems,  12 detectors EA 20 
21284 D503002 PUBLIC ADDRESS SYSTEMS 100 outlets EA 20 
21285 D503002 PUBLIC ADDRESS SYSTEMS 30 outlets EA 20 
21286 D503002 PUBLIC ADDRESS SYSTEMS 12 outlets EA 20 
21287 D503002 PUBLIC ADDRESS SYSTEMS 6 outlets EA 20 
21288 D401001 FIRE ALARM DISTRIBUTION Fire detection systems,  50 detectors EA 20 
21289 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 750 kW EA 30 
21290 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 175 kW EA 30 
21291 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 200 kW EA 30 
21292 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 250 kW EA 30 
21293 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 275 kW EA 30 
21294 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 300 kW EA 30 
21295 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 350 kW EA 30 
21296 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 400 kW EA 30 
21297 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 500 kW EA 30 
21298 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 900 kW EA 30 
21299 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 650 kW EA 30 
21300 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 800 kW EA 30 
21301 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 1000 kW EA 30 
21302 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 150 kW EA 30 
21303 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 600 kW EA 30 
21304 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 35 kW EA 20 
21305 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 11.5 kW EA 20 
21306 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 125 kW EA 30 
21307 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 20 kW EA 20 
21308 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 60 kW EA 20 
21309 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 80 kW EA 20 
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21310 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 100 kW EA 20 
21311 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 185 kW EA 20 
21312 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 30 kW EA 30 
21313 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 50 kW EA 30 
21314 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 100 kW EA 30 
21315 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 60 kW EA 30 
21316 D509002 EMERGENCY LIGHTING & POWER Generators - Diesel, 75 kW EA 30 
21317 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 125 kW EA 20 
21318 D509002 EMERGENCY LIGHTING & POWER Generators - Gas, 7.5 kW EA 20 
21319 D509002 EMERGENCY LIGHTING & POWER 
Emergency Lighting - Lead battery, twin sealed beam 
light EA 20 
21320 D509002 EMERGENCY LIGHTING & POWER 
Emergency Lighting - Self-contained, fluorescent lamp 
pack EA 20 
21321 D509002 EMERGENCY LIGHTING & POWER 
Emergency Lighting - Nickel cadmium battery, twin 
sealed beam light EA 20 
21322 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 10 kVA EA 25 
21323 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 7.5 kVA EA 25 
21324 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 3 kVA EA 25 
21325 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 5 kVA EA 25 
21326 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 0.75 kVA EA 25 
21327 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 15 kVA EA 25 
21328 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 1.0 kVA EA 25 
21329 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 0.5 kVA EA 25 
21330 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 0.35 kVA EA 25 
21331 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 2 kVA EA 25 
21332 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply - 1.5 kVA EA 25 
21333 E103004 AUTOMOTIVE SHOP EQUIPMENT Hoist, dual post, 12 ton capacity, adjustable frame EA 20 
21334 E103004 AUTOMOTIVE SHOP EQUIPMENT Scales, concrete foundations, 70' x 10' EA 20 
21335 E103004 AUTOMOTIVE SHOP EQUIPMENT Scales, concrete foundations, 8' x 6' EA 20 
21336 E103004 AUTOMOTIVE SHOP EQUIPMENT Scales, digital type, truck, 60 ton, 75' x 10' EA 20 
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21337 E103004 AUTOMOTIVE SHOP EQUIPMENT 
Scales, dial type, truck (including weigh bridge), 20 
ton, 24' x 10' EA 20 
21338 E103004 AUTOMOTIVE SHOP EQUIPMENT Scales, dial type, built in floor, 10 ton, 9' x 7' EA 20 
21339 E103004 AUTOMOTIVE SHOP EQUIPMENT Scales, dial type, built in floor, 5 ton, 8' x 6' EA 20 
21340 E103004 AUTOMOTIVE SHOP EQUIPMENT Lube Equipment, 3 reel type, with pumps EA 20 
21341 E103004 AUTOMOTIVE SHOP EQUIPMENT Hoist, single post, 4 ton capacity, swivel arms EA 20 
21342 E103004 AUTOMOTIVE SHOP EQUIPMENT Compressor, Electric, 5 HP, dual controls EA 20 
21343 E103004 AUTOMOTIVE SHOP EQUIPMENT Compressor, Electric, 1-1/2 HP, standard controls EA 20 
21344 E103004 AUTOMOTIVE SHOP EQUIPMENT Product dispenser, 6 nozzles, with vapor recovery EA 20 
21345 E103002 LOADING DOCK EQUIPMENT 
Loading Dock Equipment - Dock Lift, platform type, 6' 
x 6', portable, 3000 lb EA 20 
21346 E103002 LOADING DOCK EQUIPMENT 
Loading Dock Equipment - Dock Leveler, hydraulic, 7' x 
8', 10 ton EA 20 
21347 A101002 COLUMN FOUNDATIONS & PILE CAPS Spread Footing EA 100 
21348 A101002 COLUMN FOUNDATIONS & PILE CAPS Pile Cap EA 100 
21349 A101090 OTHER STANDARD FOUNDATIONS Other EA 100 
21350 A101001 WALL FOUNDATIONS Strip Footing LF 100 
21351 A101001 WALL FOUNDATIONS Grade Beams LF 100 
21352 A102090 OTHER SPECIAL FOUNDATIONS Other EA 100 
21353 A102001 PILE FOUNDATIONS Treated Wood EA 60 
21354 A102001 PILE FOUNDATIONS Steel H Section EA 100 
21355 A102001 PILE FOUNDATIONS Steel Pipe EA 100 
21356 A102001 PILE FOUNDATIONS PC Concrete EA 100 
21357 A102001 PILE FOUNDATIONS CIP Concrete EA 100 
21358 A103090 OTHER SLAB ON GRADE Other SF 100 
21359 A103002 STRUCTURAL SLAB ON GRADE General SF 100 
21360 A202001 BASEMENT WALL CONSTRUCTION CIP Concrete LF 100 
21361 A202001 BASEMENT WALL CONSTRUCTION Concrete Block LF 100 
21362 A202001 BASEMENT WALL CONSTRUCTION Wood LF 100 
21363 A202001 BASEMENT WALL CONSTRUCTION Other LF 100 
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21364 B101003 FLOOR DECKS AND SLABS Slab - Precast Concrete SF 100 
21365 B101003 FLOOR DECKS AND SLABS Deck - Composite w/Structural Beam SF 100 
21366 B101090 OTHER FLOOR CONSTRUCTION Other SF 100 
21367 B101003 FLOOR DECKS AND SLABS Deck - Wood Beam and Joist SF 60 
21368 B101003 FLOOR DECKS AND SLABS Slab - CIP Concrete SF 100 
21369 B101003 FLOOR DECKS AND SLABS Deck - Light Gauge Steel SF 100 
21370 B101003 FLOOR DECKS AND SLABS Deck - Composite w/Bar Joists SF 100 
21371 B102003 ROOF DECKS AND SLABS Slab - PC Concrete SF 100 
21372 B102003 ROOF DECKS AND SLABS CIP Concrete Beam and Slab SF 100 
21373 B102004 CANOPIES General SF 20 
21374 B102003 ROOF DECKS AND SLABS Deck - Steel SF 100 
21375 B102003 ROOF DECKS AND SLABS Deck - Wood SF 100 
21376 B102090 OTHER ROOF CONSTRUCTION Other SF 60 
21377 B201001 EXTERIOR CLOSURE Masonry Cavity SF 75 
21378 B201001 EXTERIOR CLOSURE CIP Concrete SF 75 
21379 B201090 OTHER EXTERIOR WALLS Other SF 40 
21380 B201001 EXTERIOR CLOSURE E.I.F.S. SF 50 
21381 B201001 EXTERIOR CLOSURE Stucco SF 40 
21382 B201001 EXTERIOR CLOSURE Wood Cladding w/Stud Backup SF 40 
21383 B201001 EXTERIOR CLOSURE Metal Siding SF 30 
21384 B201001 EXTERIOR CLOSURE Glass Block SF 50 
21385 B201001 EXTERIOR CLOSURE Brick Veneer w/Stud Backup SF 75 
21386 B201001 EXTERIOR CLOSURE Stone Veneer w/Stud Backup SF 30 
21387 B201001 EXTERIOR CLOSURE Solid Brick - Double Wythe SF 75 
21388 B201001 EXTERIOR CLOSURE Solid Brick - Single Wythe SF 75 
21389 B201001 EXTERIOR CLOSURE Concrete Block SF 75 
21390 B201001 EXTERIOR CLOSURE Precast Concrete Panel (Tilt Up) SF 75 
21391 B201001 EXTERIOR CLOSURE Precast Concrete Panel (Ribbed) SF 75 
21392 B201001 EXTERIOR CLOSURE Masonry Composite SF 75 
21393 B202002 STOREFRONTS General SF 20 
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21394 B202003 CURTAIN WALLS General SF 75 
21395 B202001 WINDOWS Aluminum Windows EA 35 
21396 B202001 WINDOWS Steel Windows EA 50 
21397 B202001 WINDOWS Wood Windows EA 25 
21398 B202090 OTHER EXTERIOR WINDOWS Other EA 65 
21399 B203002 GLAZED DOORS General EA 40 
21400 B203001 SOLID DOORS Wood EA 20 
21401 B203001 SOLID DOORS Steel EA 20 
21402 B203001 SOLID DOORS Aluminum EA 20 
21403 B203004 OVERHEAD AND ROLL-UP DOORS General EA 20 
21404 B203005 HANGAR DOORS General SF 35 
21405 B203091 OTHER EXTERIOR PERSONNEL DOORS Other EA 30 
21406 B301003 ROOF INSULATION & FILL General SF 20 
21407 B301005 GUTTERS & DOWNSPOUTS Downspouts LF 20 
21408 B301090 OTHER ROOFING Other SF 20 
21409 B301005 GUTTERS & DOWNSPOUTS Gutters LF 20 
21410 B301001 STEEP SLOPE ROOF SYSTEMS Formed Metal - Metal Standing Seam SF 40 
21411 B301001 STEEP SLOPE ROOF SYSTEMS Preformed Metal - Metal Panel SF 40 
21412 B301002 LOW SLOPE ROOF SYSTEMS Single Ply Membrane SF 20 
21413 B301002 LOW SLOPE ROOF SYSTEMS Built-Up SF 20 
21414 B301001 STEEP SLOPE ROOF SYSTEMS Shingle & Tile SF 20 
21415 B301006 ROOF OPENINGS AND SUPPORTS Other EA 75 
21416 B301006 ROOF OPENINGS AND SUPPORTS Skylights SF 75 
21417 B301006 ROOF OPENINGS AND SUPPORTS Hatches EA 75 
21418 C101001 FIXED PARTITIONS Other SF 14 
21419 C101005 INTERIOR WINDOWS Interior Windows EA 50 
21420 C101001 FIXED PARTITIONS Wall - Plaster w/Stud Framing SF 125 
21421 C101001 FIXED PARTITIONS Wall - Drywall w/Stud Framing SF 50 
21422 C101001 FIXED PARTITIONS Wall - Concrete Block SF 75 
21423 C101001 FIXED PARTITIONS Wall - Glazed Tile SF 75 
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21424 C102003 FIRE DOORS Fire Door - Swinging EA 40 
21425 C102001 STANDARD INTERIOR DOORS Wood Door/Metal Frame EA 40 
21426 C102001 STANDARD INTERIOR DOORS Wood Door/Wood Frame EA 40 
21427 C102090 OTHER INTERIOR SPECIALTY DOORS General EA 50 
21428 C102091 OTHER INTERIOR PERSONNEL DOORS Other EA 40 
21429 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Toilet Partitions EA 20 
21430 C103005 LOCKERS General EA 30 
21431 C103009 CABINETS General LF 50 
21432 C103008 COUNTERS General LF 30 
21433 C103090 OTHER INTERIOR SPECIALTIES Other EA 15 
21434 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs EA 100 
21435 C201001 INTERIOR AND EXTERIOR STAIRS Other EA 65 
21436 C301090 OTHER WALL FINISHES Other SF 14 
21437 C301005 WALL COVERINGS General SF 10 
21438 C302004 RESILIENT FLOOR FINISHES Cork Tile SF 40 
21439 C302001 TILE FLOOR FINISHES Ceramic Tile SF 75 
21440 C302001 TILE FLOOR FINISHES Marble Tile SF 75 
21441 
C302009 FLOOR TOPPINGS AND TRAFFIC 
MEMBRANES Paint SF 20 
21442 C302006 MASONRY & STONE FLOORING Quarry Tile SF 50 
21443 C302090 OTHER FLOORING & FLOOR FINISHES Other SF 50 
21444 C302004 RESILIENT FLOOR FINISHES Rubber Sheet SF 40 
21445 C302002 TERRAZZO FLOOR FINISHES General SF 75 
21446 C302003 WOOD FLOORING General SF 40 
21447 C302010 HARDENERS AND SEALERS Concrete Topping SF 40 
21448 C302004 RESILIENT FLOOR FINISHES Composition Sheet SF 18 
21449 C302005 CARPETING Carpet Tile SF 10 
21450 C302005 CARPETING General SF 7 
21451 C302001 TILE FLOOR FINISHES Porcelain Tile SF 75 
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21452 C302004 RESILIENT FLOOR FINISHES Vinyl Tile SF 18 
21453 C303003 PLASTER CEILING FINISHES General SF 125 
21454 C303090 OTHER CEILING & CEILING FINISHES Other SF 40 
21455 C303002 GYPSUM WALLBOARD CEILING FINISHES General SF 125 
21456 C303001 ACOUSTICAL CEILING TILES & PANELS General SF 70 
21457 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Other Hydraulic Elevators EA 25 
21458 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Other Traction Geared Elevators EA 25 
21459 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Other Traction Gearless Elevators EA 25 
21460 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Lifts EA 35 
21461 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Other EA 25 
21462 D103001 ESCALATORS General EA 40 
21463 D103002 MOVING WALKS General LF 40 
21464 D103090 OTHER MOVING STAIRS & WALKS Other EA 20 
21465 D109002 CONVEYORS General LF 35 
21466 D102002 OVERHEAD CRANES General EA 20 
21467 D109090 OTHER MATERIAL HANDLING SYSTEMS Other EA 20 
21468 D201004 SINKS Kitchen Sink EA 35 
21469 D201090 OTHER PLUMBING FIXTURES Emergency Shower EA 25 
21470 D201006 DRINKING FOUNTAINS AND COOLERS Water Cooler EA 25 
21471 D201006 DRINKING FOUNTAINS AND COOLERS Drinking Fountain EA 25 
21472 D201005 SHOWERS/TUBS Shower EA 25 
21473 D201004 SINKS Group Wash Fountain EA 10 
21474 D201005 SHOWERS/TUBS Bathtub EA 25 
21475 D201004 SINKS Service Sink EA 25 
21476 D201004 SINKS Laundry Sink EA 35 
21477 D201003 LAVATORIES General EA 25 
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21478 D201002 URINALS General EA 25 
21479 D201001 WATERCLOSETS General EA 25 
21480 D201090 OTHER PLUMBING FIXTURES Other EA 15 
21481 D201004 SINKS Laboratory Sink EA 25 
21482 D201090 OTHER PLUMBING FIXTURES Emergency Eye Wash EA 25 
21483 D201007 BIDETS General EA 25 
21484 D202003 DOMESTIC WATER EQUIPMENT Booster Pump EA 25 
21485 D202090 OTHER DOMESTIC WATER SUPPLY Other EA 8 
21486 D202001 PIPES & FITTINGS General LF 50 
21487 D202003 DOMESTIC WATER EQUIPMENT Heat Transfer Package EA 25 
21488 D202003 DOMESTIC WATER EQUIPMENT Storage Tank EA 30 
21489 D202003 DOMESTIC WATER EQUIPMENT Water Heaters, Commercial, Oil EA 10 
21490 D202003 DOMESTIC WATER EQUIPMENT Water Heaters, Commercial, Gas EA 10 
21491 D202003 DOMESTIC WATER EQUIPMENT Water Heaters, Commercial, Electric EA 10 
21492 D202003 DOMESTIC WATER EQUIPMENT Water Heaters, Residential, Oil EA 25 
21493 D202003 DOMESTIC WATER EQUIPMENT Water Heaters, Residential, Gas EA 25 
21494 D202003 DOMESTIC WATER EQUIPMENT Water Heaters, Residential, Electric EA 25 
21495 D202002 VALVES & HYDRANTS Backflow Preventer EA 25 
21496 D203004 SANITARY AND VENT EQUIPMENT Sanitary Waste Separator EA 25 
21497 D203090 OTHER SANITARY WASTE Other EA 100 
21498 D204002 ROOF DRAINS General LF 25 
21499 D204090 OTHER RAIN WATER DRAINAGE SYSTEM Other EA 25 
21500 D209090 OTHER SPECIAL PLUMBING SYSTEMS Other EA 25 
21501 D301090 OTHER ENERGY SUPPLY Other EA 25 
21502 D302001 BOILERS Solid Fuel EA 30 
21503 D302090 OTHER HEAT GENERATING SYSTEMS Other EA 30 
21504 D302004 AUXILIARY EQUIPMENT Expansion Tank EA 30 
21505 D302001 BOILERS Electric, Hot Water EA 30 
21506 D302004 AUXILIARY EQUIPMENT Boiler Feedwater Tank EA 20 
21507 D302001 BOILERS Oil, Steam EA 30 
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21508 D302001 BOILERS Oil, HW EA 30 
21509 D302001 BOILERS Gas/Oil, Steam EA 30 
21510 D302001 BOILERS Gas/Oil, Hot Water EA 30 
21511 D302001 BOILERS Gas, Steam EA 30 
21512 D302001 BOILERS Gas, Hot Water EA 30 
21513 D302001 BOILERS Electric, Steam EA 30 
21514 D302002 FURNACES General EA 15 
21515 D303001 CHILLED WATER SYSTEMS Cooling Tower, Stainless Steel EA 15 
21516 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled EA 20 
21517 D303090 OTHER COOLING GENERATING SYSTEMS Other EA 15 
21518 D305006 PACKAGE UNITS Packaged DX Refrigerant System EA 15 
21519 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Evaporative EA 15 
21520 D303002 DIRECT EXPANSION SYSTEMS Condenser, DX, Air Cooled EA 15 
21521 D303001 CHILLED WATER SYSTEMS Cooling Tower, Galvanized EA 15 
21522 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Water Cooled EA 20 
21523 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled EA 20 
21524 D303001 CHILLED WATER SYSTEMS Chiller, Centrifugal, Water Cooled EA 20 
21525 D303001 CHILLED WATER SYSTEMS Chiller, Reciprocating, Air Cooled EA 20 
21526 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fiberglass EA 15 
21527 D305003 FAN COIL UNITS DX EA 15 
21528 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air EA 20 
21529 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Circulating Pump, Double Suction EA 20 
21530 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Plate Type EA 20 
21531 D304003 HOT WATER DISTRIBUTION SYSTEMS Heat Exchanger, Shell & Tube EA 20 
21532 D304007 EXHAUST SYSTEMS Fan System, Roof Exhaust EA 20 
21533 D304001 AIR DISTRIBUTION, HEATING & COOLING Humidifier EA 10 
21534 D304007 EXHAUST SYSTEMS Commercial/Industrial Vacuum Dust Collection EA 10 
21535 D304090 OTHER DISTRIBUTION SYSTEMS Other EA 30 
21536 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier EA 10 
21537 D304008 AIR HANDLING UNITS Central Station EA 25 
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21538 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Circulating Pump, End Suction EA 20 
21539 D304008 AIR HANDLING UNITS Field Fabricated EA 15 
21540 D305001 UNIT VENTILATORS Fan System, Utility Set EA 20 
21541 D304008 AIR HANDLING UNITS Rooftop EA 15 
21542 D305003 FAN COIL UNITS Cab Mount, Two Pipe EA 15 
21543 D305003 FAN COIL UNITS Cab Mount, Four Pipe EA 15 
21544 D305003 FAN COIL UNITS Duct Mount, 2 Pipe EA 15 
21545 D305003 FAN COIL UNITS Duct Mount, 4 Pipe EA 15 
21546 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal EA 30 
21547 D304001 AIR DISTRIBUTION, HEATING & COOLING VAV Terminal, Fan Powered EA 30 
21548 D305001 UNIT VENTILATORS Fan System, Centrifugal In-Line EA 20 
21549 D305006 PACKAGE UNITS Heat Pump, Duct Mounted, Horizontal EA 20 
21550 D304001 AIR DISTRIBUTION, HEATING & COOLING Smoke Vents EA 20 
21551 D305090 OTHER TERMINAL & PACKAGE UNITS Other EA 25 
21552 D305002 UNIT HEATERS Infrared EA 25 
21553 D305005 ELECTRIC HEATING General EA 25 
21554 D305004 FIN TUBE RADIATION Baseboard Heating EA 30 
21555 D305006 PACKAGE UNITS Heat Pump, Thru-Wall EA 20 
21556 D305006 PACKAGE UNITS A/C Unit, Thru-Wall EA 20 
21557 D305006 PACKAGE UNITS Heat Pump, Air Source, Roof Top EA 20 
21558 D302003 FUEL-FIRED UNIT HEATERS Gas EA 25 
21559 D305006 PACKAGE UNITS Heat Pump, Water Source, Central Station EA 20 
21560 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, HW Heat EA 20 
21561 D305006 PACKAGE UNITS Packaged A/C, Water Cooled, Elec Heat EA 20 
21562 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, HW Heat EA 20 
21563 D305006 PACKAGE UNITS Packaged A/C, Air Cooled, Elec Heat EA 20 
21564 D305006 PACKAGE UNITS A/C Unit, Computer Room EA 20 
21565 D305002 UNIT HEATERS Hydronic EA 25 
21566 D305006 PACKAGE UNITS Rooftop Unit EA 20 
21567 D305006 PACKAGE UNITS Heat Pump, Water Source, Console EA 20 
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21568 D306004 INSTRUMENT AIR COMPRESSORS General EA 25 
21569 D306090 OTHER CONTROLS INSTRUMENTATION Other EA 10 
21570 D304007 EXHAUST SYSTEMS Industrial Exhaust System EA 25 
21571 D309090 OTHER SPECIAL MECHANICAL SYSTEMS Other EA 10 
21572 D302004 AUXILIARY EQUIPMENT Chemical Feedwater EA 20 
21573 D304007 EXHAUST SYSTEMS Garage Exhaust Systems EA 10 
21574 D304007 EXHAUST SYSTEMS Fume Hood Exhaust System EA 10 
21575 D305001 UNIT VENTILATORS Air Curtain LF 20 
21576 D404001 SPRINKLERS AND RELEASING DEVICES Dry Pipe Systems SF 75 
21577 D404001 SPRINKLERS AND RELEASING DEVICES Preaction Systems SF 75 
21578 D404001 SPRINKLERS AND RELEASING DEVICES Deluge Systems SF 75 
21579 D404001 SPRINKLERS AND RELEASING DEVICES Firecycle Systems SF 75 
21580 D404001 SPRINKLERS AND RELEASING DEVICES Wet Pipe Systems SF 75 
21581 
D404002 SPRINKLER WATER SUPPLY EQUIPMENT AND 
PIPING Other SF 23 
21582 D403001 STANDPIPE EQUIPMENT & PIPING Riser EA 20 
21583 D403001 STANDPIPE EQUIPMENT & PIPING Other EA 20 
21584 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS Other EA 20 
21585 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Backflow Preventer EA 40 
21586 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS Other EA 20 
21587 D402002 FIRE PUMP General EA 20 
21588 D409001 CARBON DIOXIDE SYSTEMS General EA 25 
21589 D409003 CLEAN AGENT SYSTEMS General SF 20 
21590 D409004 HOOD & DUCT FIRE PROTECTION General EA 25 
21591 D501002 SERVICE ENTRANCE EQUIPMENT General EA 35 
21592 D501004 PANELBOARDS Switchgear EA 50 
21593 D501004 PANELBOARDS Transfer Switch EA 40 
21594 D501003 INTERIOR DISTRIBUTION TRANSFORMERS General EA 50 
21595 D501006 MOTOR CONTROL CENTERS General EA 40 
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21596 D501004 PANELBOARDS General EA 40 
21597 D501090 OTHER SERVICE AND DISTRIBUTION Capacitor Bank EA 30 
21598 D501090 OTHER SERVICE AND DISTRIBUTION Other EA 25 
21599 D502002 LIGHTING EQUIPMENT Interior Lighting, High Intensity EA 20 
21600 D502090 OTHER LIGHTING AND BRANCH WIRING Other EA 15 
21601 D502002 LIGHTING EQUIPMENT Exterior Lighting EA 25 
21602 D502002 LIGHTING EQUIPMENT Exit Lighting EA 25 
21603 D502002 LIGHTING EQUIPMENT Interior Lighting, Incandescent EA 20 
21604 D502002 LIGHTING EQUIPMENT Interior Lighting, Fluorescent EA 20 
21605 D502001 BRANCH WIRING General SF 60 
21606 D502002 LIGHTING EQUIPMENT Explosion Proof Lighting EA 20 
21607 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS General EA 15 
21608 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS Other EA 20 
21609 D509002 EMERGENCY LIGHTING & POWER Generators EA 20 
21610 D509002 EMERGENCY LIGHTING & POWER Emergency Lighting EA 20 
21611 D509004 LIGHTNING PROTECTION General EA 50 
21612 D509003 GROUNDING SYSTEMS General EA 50 
21613 D509002 EMERGENCY LIGHTING & POWER Uninterruptible Power Supply EA 15 
21614 D509090 OTHER SPECIAL SYSTEMS AND DEVICES Other EA 18 
21615 E103002 LOADING DOCK EQUIPMENT Other EA 20 
21616 E103004 AUTOMOTIVE SHOP EQUIPMENT General EA 20 
21617 E103002 LOADING DOCK EQUIPMENT General EA 20 
21618 C302011 RAISED ACCESS FLOORING General SF 30 
21619 D109001 PNEUMATIC TUBE SYSTEMS General LF 35 
21620 D305004 FIN TUBE RADIATION General LF 30 
21621 B101004 INCLINED AND STEPPED FLOORS General EA 100 
21622 B102003 ROOF DECKS AND SLABS Slab - CIP Concrete SF 100 
21623 C102001 STANDARD INTERIOR DOORS Metal Door EA 50 
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21624 C301004 TILE & TERRAZZO WALL FINISHES Tile SF 75 
21625 D203001 WASTE PIPE & FITTINGS General LF 50 
21626 D305006 PACKAGE UNITS A/C Unit, Split Systems w/ Air Cooled Condenser EA 20 
21627 D306002 ELECTRONIC CONTROLS General EA 10 
21628 D306003 PNEUMATIC CONTROLS General EA 10 
21629 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 2 
TN EA 20 
21630 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 3 
TN EA 20 
21631 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 4 
TN EA 20 
21632 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 5 
TN EA 20 
21633 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 10 
TN EA 20 
21634 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 35 
TN EA 20 
21635 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 45 
TN EA 20 
21636 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 60 
TN EA 20 
21637 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 75 
TN EA 20 
21638 D305006 PACKAGE UNITS 
A/C Unit, Split Systems w/ Air Cooled Condenser - 100 
TN EA 20 
21639 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, duct temperature EA 10 
21640 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, space temperature EA 10 
21641 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, duct humidity, +/- 3% EA 10 
21642 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, space humidity, +/- 2% EA 10 
21643 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, duct static pressure EA 10 
21644 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, CFM/transducer EA 10 
21645 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, water temperature EA 10 
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21646 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, water flow EA 10 
21647 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, water pressure different EA 10 
21648 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, steam flow EA 10 
21649 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, steam pressure EA 10 
21650 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, KW/transducer EA 10 
21651 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, KWH totalization EA 10 
21652 D306002 ELECTRONIC CONTROLS Analog inputs, sensors, space static pressure EA 10 
21653 D306002 ELECTRONIC CONTROLS Analog outputs, P/I transducer EA 10 
21654 D306002 ELECTRONIC CONTROLS Analog outputs, material in MUX EA 10 
21655 D306002 ELECTRONIC CONTROLS Analog outputs, pneumatic, excl. control device EA 10 
21656 D306002 ELECTRONIC CONTROLS Analog outputs, electric, excl. control device EA 10 
21657 D306002 ELECTRONIC CONTROLS Digital inputs, Status (alarms), freeze EA 10 
21658 D306002 ELECTRONIC CONTROLS Digital inputs, Status (alarms), fire EA 10 
21659 D306002 ELECTRONIC CONTROLS Digital inputs, Status (alarms), differential pressure EA 10 
21660 D306002 ELECTRONIC CONTROLS 
status (alarms), digital inputs (avg. 50' run in 1/2" 
EMT), differential pr EA 10 
21661 D306002 ELECTRONIC CONTROLS Digital inputs, Status (alarms), current sensor EA 10 
21662 D306002 ELECTRONIC CONTROLS Digital inputs, Status (alarms), duct high temperature EA 10 
21663 D306002 ELECTRONIC CONTROLS Digital inputs, Status (alarms), duct smoke detector EA 10 
21664 D306002 ELECTRONIC CONTROLS Digital output, Status (alarms), start/stop EA 10 
21665 D306002 ELECTRONIC CONTROLS Digital output, Status (alarms), on/off EA 10 
21666 D306002 ELECTRONIC CONTROLS controller MUX panel, 48 point, incl. function boards EA 10 
21667 D306002 ELECTRONIC CONTROLS controller MUX panel, 128 point, incl. function boards EA 10 
21668 D306002 ELECTRONIC CONTROLS D.D.C controller, mechanical room, 16 point EA 10 
21669 D306002 ELECTRONIC CONTROLS D.D.C controller, mechanical room, 32 point EA 10 
21670 D306002 ELECTRONIC CONTROLS D.D.C controller, space, V.A.V terminal box, incl EA 10 
21671 D306003 PNEUMATIC CONTROLS 
Heating & ventilating, split system, mixed air control, 
economizer cycle EA 10 
21672 D306003 PNEUMATIC CONTROLS 
Heating & ventilating, split system, mixed air control, 
economizer cycle, p EA 10 
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21673 D306003 PNEUMATIC CONTROLS 
heat & vent, split, mixed air control, economizer cycle, 
over 20 tons EA 10 
21674 D306003 PNEUMATIC CONTROLS 
heat & vent, split, mixed air control, enthalpy cycle, up 
to 10 tons EA 10 
21675 D306003 PNEUMATIC CONTROLS 
heat & vent, split, mixed air control, enthalpy cycle, 10 
to 20 tons EA 10 
21676 D306003 PNEUMATIC CONTROLS 
Heating & ventilating, split system, mixed air control, 
enthalpy cycle, pan EA 10 
21677 D306003 PNEUMATIC CONTROLS 
Heating & ventilating, split system, heating coil, hot 
water, 3 way valve EA 10 
21678 D306003 PNEUMATIC CONTROLS 
Heating & ventilating, split system, cooling coil, chilled 
water EA 10 
21679 D306003 PNEUMATIC CONTROLS 
Heating & ventilating, split system, cooling tower, fan 
cycle EA 10 
21680 D306003 PNEUMATIC CONTROLS Unit ventilator EA 10 
21681 D306003 PNEUMATIC CONTROLS 
Compensated hot water from boiler, valve control, 
readout & reset at panel, 120 GPM EA 10 
21682 D306003 PNEUMATIC CONTROLS 
Compensated hot water from boiler, valve control, 
readout & reset at panel, 240 GPM EA 10 
21683 D306003 PNEUMATIC CONTROLS 
Compensated hot water from valve control, readout & 
reset at panel EA 10 
21684 D306003 PNEUMATIC CONTROLS boiler room combustion air, damper to 5 SF, controls EA 10 
21685 D306003 PNEUMATIC CONTROLS 
fan coil, heating & cooling valves, 4 pipe control 
system EA 10 
21686 D306003 PNEUMATIC CONTROLS heat exchanger system controls EA 10 
21687 D306003 PNEUMATIC CONTROLS Multizone control (1 per zone) EA 10 
21688 D306003 PNEUMATIC CONTROLS Pneumatic thermostat EA 10 
21689 D306003 PNEUMATIC CONTROLS program energy saving optimizer EA 10 
21690 D306003 PNEUMATIC CONTROLS pump control system EA 10 
21691 D306003 PNEUMATIC CONTROLS reheat coil control system, excl. coil EA 10 
21692 D306003 PNEUMATIC CONTROLS 
Air supply for pneumatic, tank mounted duplex 
compressor EA 10 
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21693 D306003 PNEUMATIC CONTROLS 
pneumatic air supply, tank mount duplex compressor, 
1/2 HP EA 10 
21694 D306003 PNEUMATIC CONTROLS 
pneumatic air supply, tank mount duplex compressor, 
1 HP EA 10 
21695 D306003 PNEUMATIC CONTROLS 
pneumatic air supply, tank mount duplex compressor, 
1.5 HP EA 10 
21696 D306003 PNEUMATIC CONTROLS 
pneumatic air supply, tank mount duplex compressor, 
3 HP EA 10 
21697 D306003 PNEUMATIC CONTROLS 
pneumatic air supply, tank mount duplex compressor, 
5 HP EA 10 
21698 D306003 PNEUMATIC CONTROLS Static pressure control for air handling unit EA 10 
21699 D306003 PNEUMATIC CONTROLS VAV boxes EA 10 
30001 A101002 COLUMN FOUNDATIONS & PILE CAPS Column Pier EA 100 
30002 A101002 COLUMN FOUNDATIONS & PILE CAPS Column Pier - Concrete EA 100 
30003 A101002 COLUMN FOUNDATIONS & PILE CAPS Column Pier - Steel EA 100 
30004 A101002 COLUMN FOUNDATIONS & PILE CAPS Column Pier - Wood EA 60 
30005 B101001 STRUCTURAL FRAME Column LF 100 
30006 B101001 STRUCTURAL FRAME Column - Concrete LF 100 
30007 B101001 STRUCTURAL FRAME Column - Metal LF 100 
30008 B101001 STRUCTURAL FRAME Column - Wood LF 60 
30009 B101001 STRUCTURAL FRAME Beam/Girder LF 100 
30010 B101001 STRUCTURAL FRAME Beam/Girder - Concrete LF 100 
30011 B101001 STRUCTURAL FRAME Beam/Girder - Metal LF 100 
30012 B101001 STRUCTURAL FRAME Beam/Girder - Wood LF 60 
30013 B101001 STRUCTURAL FRAME Truss/Joist LF 100 
30014 B101001 STRUCTURAL FRAME Truss/Joist - Concrete LF 100 
30015 B101001 STRUCTURAL FRAME Truss/Joist - Metal LF 100 
30016 B101001 STRUCTURAL FRAME Truss/Joist - Wood LF 60 
30017 B102001 STRUCTURAL FRAME Column LF 100 
30018 B102001 STRUCTURAL FRAME Column - Concrete LF 100 
30019 B102001 STRUCTURAL FRAME Column - Metal LF 100 
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30020 B102001 STRUCTURAL FRAME Column - Wood LF 60 
30021 B102001 STRUCTURAL FRAME Beam/Girder LF 100 
30022 B102001 STRUCTURAL FRAME Beam/Girder - Concrete LF 100 
30023 B102001 STRUCTURAL FRAME Beam/Girder - Metal LF 100 
30024 B102001 STRUCTURAL FRAME Beam/Girder - Wood LF 60 
30025 B102001 STRUCTURAL FRAME Truss/Joist LF 100 
30026 B102001 STRUCTURAL FRAME Truss/Joist - Concrete LF 100 
30027 B102001 STRUCTURAL FRAME Truss/Joist - Metal LF 100 
30028 B102001 STRUCTURAL FRAME Truss/Joist - Wood LF 60 
30033 B102003 ROOF DECKS AND SLABS Deck - Fiber Cement SF 100 
30034 B102003 ROOF DECKS AND SLABS Deck - Fiberglass SF 100 
30035 B102003 ROOF DECKS AND SLABS Deck - Gypsum SF 60 
30036 B102003 ROOF DECKS AND SLABS Deck - Other SF 100 
30037 B201001 EXTERIOR CLOSURE Stone Veneer w/CMU Backup SF 75 
30038 B201001 EXTERIOR CLOSURE Brick Veneer w/CMU Backup SF 75 
30039 B201001 EXTERIOR CLOSURE Tile Veneer w/CMU Backup SF 75 
30040 B201001 EXTERIOR CLOSURE Adobe SF 75 
30041 B201001 EXTERIOR CLOSURE Stone SF 75 
30042 B201001 EXTERIOR CLOSURE Pre-Engineered Steel Wall and Panel SF 60 
30043 B201001 EXTERIOR CLOSURE Metal Panel SF 30 
30045 B201001 EXTERIOR CLOSURE Vinyl/Fiberglass Siding SF 30 
30047 B201001 EXTERIOR CLOSURE Fiber Cement Siding SF 75 
30048 B201001 EXTERIOR CLOSURE Gypsum SF 50 
30049 B201001 EXTERIOR CLOSURE Masonite SF 75 
30050 B201006 BALCONY WALLS & HANDRAILS Ladder LF 15 
30051 B202001 WINDOWS Vinyl Clad Windows EA 40 
30052 B203005 HANGAR DOORS Wood SF 35 
30053 B203005 HANGAR DOORS Steel SF 35 
30054 B203005 HANGAR DOORS Wood Bi-Fold SF 35 
30055 B203005 HANGAR DOORS Steel Bi-Fold SF 35 
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30056 B203005 HANGAR DOORS Wood Sliding SF 35 
30057 B203005 HANGAR DOORS Steel Sliding SF 35 
30058 B203005 HANGAR DOORS Wood Vertical SF 35 
30059 B203005 HANGAR DOORS Steel Vertical SF 35 
30060 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator EA 20 
30061 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 6" Diameter EA 20 
30062 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 12" Diameter EA 20 
30063 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 18" Diameter EA 20 
30064 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 24" Diameter EA 20 
30065 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 30" Diameter EA 20 
30066 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 36" Diameter EA 20 
30067 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 42" Diameter EA 20 
30068 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 12" x 12" EA 20 
30069 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 12" x 24" EA 20 
30070 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 12" x 36" EA 20 
30071 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 20" x 72" EA 20 
30072 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 24" x 72" EA 20 
30073 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 48" x 72" EA 20 
30074 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 48" x 60" EA 20 
30075 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 60" x 72" EA 20 
30076 B301006 ROOF OPENINGS AND SUPPORTS Gravity Ventilator - 72" x 72" EA 20 
30077 B301003 ROOF INSULATION & FILL Vermiculite Fill SF 20 
30078 B301003 ROOF INSULATION & FILL Lightweight Concrete Fill SF 20 
30079 B301003 ROOF INSULATION & FILL Gypsum Fill SF 20 
30080 B301003 ROOF INSULATION & FILL Perlite Fill SF 20 
30081 B301003 ROOF INSULATION & FILL Cellular Fill SF 20 
30082 B301003 ROOF INSULATION & FILL Lightweight Concrete Fill SF 20 
30083 B301003 ROOF INSULATION & FILL Rigid Glass Fiber SF 20 
30084 B301003 ROOF INSULATION & FILL Rigid Perlite SF 20 
30085 B301003 ROOF INSULATION & FILL Rigid Expanded Polystyrene SF 20 
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30086 B301003 ROOF INSULATION & FILL Rigid Unknown SF 20 
30087 B301003 ROOF INSULATION & FILL Rigid Phenolic SF 20 
30088 B301003 ROOF INSULATION & FILL Rigid Cork SF 20 
30089 B301003 ROOF INSULATION & FILL Rigid Polyisocyanurate SF 20 
30090 B301003 ROOF INSULATION & FILL Rigid Polyurethane/Board SF 20 
30091 B301003 ROOF INSULATION & FILL Rigid Wood Fiberboard SF 20 
30092 B301003 ROOF INSULATION & FILL Rigid Multiple Types SF 20 
30093 B301003 ROOF INSULATION & FILL Rigid Extruded Polystyrene SF 20 
30094 B301003 ROOF INSULATION & FILL Rigid Foamglass SF 20 
30095 B301003 ROOF INSULATION & FILL Rigid Foamed-In-Place/PUF SF 20 
30096 B301004 FLASHINGS & TRIM General LF 25 
30097 B301004 FLASHINGS & TRIM Flashings - Base LF 25 
30098 B301004 FLASHINGS & TRIM Flashings - Cap LF 25 
30099 B301004 FLASHINGS & TRIM Flashings - Embedded Edge Metal LF 25 
30100 B301004 FLASHINGS & TRIM Flashings - Pitch Pans EA 25 
30101 B301004 FLASHINGS & TRIM Flashings - Apron LF 25 
30102 B301004 FLASHINGS & TRIM Flashings - Step LF 25 
30103 B301004 FLASHINGS & TRIM Flashings - Valley LF 25 
30104 B301004 FLASHINGS & TRIM Flashings - Flashing Penetrations EA 25 
30105 B301090 OTHER ROOFING Walkway Protection SF 10 
30107 B301002 LOW SLOPE ROOF SYSTEMS Liquid Elastomers SF 20 
30108 B301005 GUTTERS & DOWNSPOUTS Other LF 20 
30109 B301001 STEEP SLOPE ROOF SYSTEMS Concrete Tile SF 70 
30110 B301001 STEEP SLOPE ROOF SYSTEMS Clay Tile SF 70 
30111 B301001 STEEP SLOPE ROOF SYSTEMS Wood Shakes SF 30 
30112 B301001 STEEP SLOPE ROOF SYSTEMS Concrete Shingles SF 70 
30113 B301001 STEEP SLOPE ROOF SYSTEMS Asbestos Cement Shingles SF 70 
30114 B301001 STEEP SLOPE ROOF SYSTEMS Wood Shingles SF 30 
30115 B301001 STEEP SLOPE ROOF SYSTEMS Metal Shingles SF 40 
30116 B301001 STEEP SLOPE ROOF SYSTEMS Asphalt Shingles SF 25 
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30117 B301001 STEEP SLOPE ROOF SYSTEMS Fiberglass Shingles SF 20 
30118 B301001 STEEP SLOPE ROOF SYSTEMS Slate Shingles SF 70 
30119 B301002 LOW SLOPE ROOF SYSTEMS Modified Bitumen SF 20 
30120 E101005 SECURITY & VAULT EQUIPMENT Security Vault EA 50 
30121 
E102001 MISCELLANEOUS COMMON FIXED & 
MOVEABLE EQUIPMENT Vacuum System EA 30 
30122 E201003 SEATING (FIXED) General EA 30 
30123 E201003 SEATING (FIXED) Seating - Auditorium/Stadium EA 30 
30124 E201003 SEATING (FIXED) Seating - Bleachers/Stadium EA 30 
30125 E201003 SEATING (FIXED) Seating - Classroom EA 30 
30126 F102002 INTEGRATED ASSEMBLIES Vehicle Inspection Pit EA 24 
30127 F102001 SPECIAL PURPOSE ROOMS Cold Storage Room EA 20 
30128 F102001 SPECIAL PURPOSE ROOMS Sauna Room EA 25 
30129 F102001 SPECIAL PURPOSE ROOMS Prison Cell EA 50 
30130 G202003 PAVED SURFACES General SF 20 
30131 G202003 PAVED SURFACES Concrete SF 20 
30132 G202003 PAVED SURFACES Asphalt SF 20 
30133 G202003 PAVED SURFACES Aggregate SF 20 
30134 G203004 GUARDRAILS & BARRIERS Bollard EA 20 
30135 G203003 PAVED SURFACES General SF 10 
30136 G203003 PAVED SURFACES Concrete SF 125 
30137 G203003 PAVED SURFACES Asphalt SF 10 
30138 G203003 PAVED SURFACES Masonry SF 35 
30139 G203003 PAVED SURFACES Unpaved SF 50 
30140 G203090 OTHER WALKS, STEPS & TERRACES Porch Deck/Plaza SF 30 
30141 G203090 OTHER WALKS, STEPS & TERRACES Porch Deck/Plaza - Concrete SF 50 
30142 G203090 OTHER WALKS, STEPS & TERRACES Porch Deck/Plaza - Masonry SF 50 
30143 G204001 FENCING & GATES Fence/Privacy Wall LF 35 
30144 G204001 FENCING & GATES Fence/Privacy Wall - Concrete LF 65 
30145 G204001 FENCING & GATES Fence/Privacy Wall - Masonry LF 65 
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30146 G204001 FENCING & GATES Fence/Privacy Wall - Metal LF 40 
30147 G204001 FENCING & GATES Fence/Privacy Wall - Wood LF 35 
30148 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS General SF 20 
30149 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS Concrete SF 100 
30150 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS Masonry SF 30 
30151 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS Wood SF 20 
30152 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS Metal SF 30 
30153 G204001 FENCING & GATES Gate EA 26 
30154 G204001 FENCING & GATES Gate - Wood EA 25 
30155 G204001 FENCING & GATES Gate - Metal EA 40 
30159 C101001 FIXED PARTITIONS Wall - Brick SF 75 
30161 C101001 FIXED PARTITIONS Wall - Glass Block SF 125 
30162 C101001 FIXED PARTITIONS Wall - Glass Curtain Wall SF 125 
30167 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Toilet Partitions - Stone EA 50 
30168 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Toilet Partitions - Plastic EA 40 
30169 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Toilet Partitions - Coated Steel EA 40 
30170 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Toilet Partitions - Stainless Steel EA 20 
30171 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Urinal Screen EA 20 
30172 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Shower Compartment EA 20 
30173 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Shower Compartment - Coated Steel EA 20 
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30174 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Shower Compartment - Stainless Steel EA 20 
30175 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Shower Compartment - Fiberglass EA 20 
30176 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Shower Compartment - Glass EA 20 
30180 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Shower Compartment - Plastic EA 20 
30185 C101002 DEMOUNTABLE PARTITIONS General SF 20 
30186 C101004 INTERIOR GUARDRAILS & SCREENS Wall Screen SF 20 
30187 C101003 RETRACTABLE PARTITIONS General SF 20 
30188 C102002 GLAZED INTERIOR DOORS General EA 40 
30189 C102005 INTERIOR OVERHEAD DOORS Metal EA 35 
30190 C102005 INTERIOR OVERHEAD DOORS Wood EA 16 
30191 C103090 OTHER INTERIOR SPECIALTIES Ladder LF 100 
30192 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs - Metal (12 Riser Flight) EA 125 
30193 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs - Concrete (12 Riser Flight) EA 125 
30194 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs - Wood (12 Riser Flight) EA 100 
30195 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs - Metal (24 Riser Flight) EA 125 
30196 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs - Concrete (24 Riser Flight) EA 125 
30197 C201001 INTERIOR AND EXTERIOR STAIRS Interior Stairs - Wood (24 Riser Flight) EA 100 
30198 C301001 CONCRETE WALL FINISHES General SF 20 
30199 C301006 ACOUSTICAL PANELS ADHERED TO WALLS General SF 90 
30200 C301005 WALL COVERINGS Wood SF 10 
30201 C301005 WALL COVERINGS Metal Panel SF 40 
30203 C301003 GYPSUM WALLBOARD FINISHES General SF 125 
30204 C301002 PLASTER WALL FINISHES General SF 125 
30205 C302004 RESILIENT FLOOR FINISHES Resilient Tile SF 50 
30207 C303004 WOOD CEILINGS General SF 60 
30208 C303006 METAL STRIP CEILINGS General SF 40 
30210 C303090 OTHER CEILING & CEILING FINISHES Exposed Concrete Finish SF 125 
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30211 C103014 ENTRANCE FLOOR GRILLES AND MATS Fiberglass Grate System SF 28 
30212 A101001 WALL FOUNDATIONS Foundation Wall SF 100 
30213 A102005 RAFT FOUNDATIONS General SF 100 
30214 A102002 CAISSONS General LF 100 
30215 B101002 STRUCTURAL INTERIOR WALLS Concrete SF 100 
30216 B101002 STRUCTURAL INTERIOR WALLS CMU SF 100 
30217 B101005 BALCONY CONSTRUCTION General SF 100 
30218 B101006 RAMPS General SF 100 
30219 B101007 FLOOR RACEWAY SYSTEMS General SF 100 
30220 B102002 STRUCTURAL INTERIOR WALLS Concrete SF 100 
30221 B102002 STRUCTURAL INTERIOR WALLS CMU SF 100 
30222 B201001 EXTERIOR CLOSURE Wall Louver SF 30 
30223 B201006 BALCONY WALLS & HANDRAILS Handrailing LF 15 
30225 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs EA 65 
30226 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs - Metal (12 Riser Flight) EA 65 
30227 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs - Metal (24 Riser Flight) EA 65 
30228 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs - Concrete (12 Riser Flight) EA 125 
30229 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs - Concrete (24 Riser Flight) EA 125 
30230 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs - Wood (12 Riser Flight) EA 65 
30231 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Stairs - Wood (24 Riser Flight) EA 65 
30300 C103006 SHELVING General LF 50 
30301 C103007 FIRE EXTINGUISHER CABINETS General EA 20 
30303 B202001 WINDOWS Exterior Glazing SF 50 
30304 B203003 REVOLVING DOORS Manual EA 20 
30305 B203006 BLAST RESISTANT DOORS General SF 20 
30306 B203007 GATES General SF 20 
30307 C101004 INTERIOR GUARDRAILS & SCREENS Guardrail LF 20 
35002 C102006 INTERIOR GATES General EA 20 
35003 C102004 SLIDING & FOLDING DOORS General EA 30 
35004 C102001 STANDARD INTERIOR DOORS General EA 40 
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35005 C102005 INTERIOR OVERHEAD DOORS General EA 16 
35006 B102002 STRUCTURAL INTERIOR WALLS General SF 100 
35007 D305001 UNIT VENTILATORS Fan System, Axial EA 20 
35008 D303001 CHILLED WATER SYSTEMS Chiller, Scroll EA 20 
35010 B101002 STRUCTURAL INTERIOR WALLS General SF 100 
35011 B301001 STEEP SLOPE ROOF SYSTEMS Formed Metal SF 30 
35012 B301001 STEEP SLOPE ROOF SYSTEMS Preformed Metal SF 40 
35013 D101005 DUMBWAITERS General EA 35 
40000 D109003 LINEN, TRASH, AND MAIL CHUTES Chutes LF 20 
40001 D109003 LINEN, TRASH, AND MAIL CHUTES Chute - Personnel LF 20 
40002 D109003 LINEN, TRASH, AND MAIL CHUTES Chute - Linen / Refuse LF 20 
40004 D101005 DUMBWAITERS Manual EA 35 
40005 D101005 DUMBWAITERS Automatic EA 35 
40006 D201090 OTHER PLUMBING FIXTURES Sump EA 100 
40007 D202001 PIPES & FITTINGS Ductile Iron  4" Pipe LF 50 
40008 D202001 PIPES & FITTINGS Ductile Iron  6" Pipe LF 50 
40009 D202001 PIPES & FITTINGS Copper  <1" Pipe LF 50 
40010 D202001 PIPES & FITTINGS Copper  1"-2" Pipe LF 50 
40011 D202001 PIPES & FITTINGS Copper  2"-4" Pipe LF 50 
40012 D202001 PIPES & FITTINGS Copper  4"-6" Pipe LF 50 
40013 D202001 PIPES & FITTINGS Copper >6" Pipe LF 50 
40014 D202001 PIPES & FITTINGS PVC < 2" Pipe LF 50 
40015 D202001 PIPES & FITTINGS PVC  2"-4" Pipe LF 50 
40016 D202001 PIPES & FITTINGS PVC >6" Pipe LF 50 
40017 D202001 PIPES & FITTINGS PVC  4"-6" Pipe LF 50 
40018 D202001 PIPES & FITTINGS CPVC  <1" Pipe LF 50 
40019 D202001 PIPES & FITTINGS CPVC  1"-2" Pipe LF 50 
40020 D202001 PIPES & FITTINGS CPVC  2"-4" Pipe LF 50 
40021 D202001 PIPES & FITTINGS HDPE  4" Pipe LF 50 
40022 D202001 PIPES & FITTINGS HDPE  6" Pipe LF 50 
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40023 D202001 PIPES & FITTINGS CPVC >6" Pipe LF 50 
40024 D202001 PIPES & FITTINGS Black / Galvanized Steel  <1" Pipe LF 50 
40025 D202001 PIPES & FITTINGS Black / Galvanized Steel  1"-2" Pipe LF 50 
40026 D202001 PIPES & FITTINGS Black / Galvanized Steel  2"-4" Pipe LF 50 
40027 D202001 PIPES & FITTINGS Black / Galvanized Steel  4"-6" Pipe LF 50 
40028 D202001 PIPES & FITTINGS Black / Galvanized Steel >6" Pipe LF 50 
40029 D202003 DOMESTIC WATER EQUIPMENT Water Softener EA 15 
40030 D202003 DOMESTIC WATER EQUIPMENT Water Treatment Equipment EA 25 
40031 D202003 DOMESTIC WATER EQUIPMENT Water Treatment Equipment - Deionization Station EA 25 
40032 D202003 DOMESTIC WATER EQUIPMENT Water Treatment Equipment - Chemical Treatment EA 25 
40033 D202003 DOMESTIC WATER EQUIPMENT Water Treatment Equipment - Ultraviolet Treatment EA 30 
40034 D202003 DOMESTIC WATER EQUIPMENT 
Water Treatment Equipment - Wastewater Filtration 
for WashRack Equipment EA 25 
40035 D203004 SANITARY AND VENT EQUIPMENT Backflow Preventer EA 40 
40036 D203004 SANITARY AND VENT EQUIPMENT Backflow Preventer - 2" Pipe EA 40 
40037 D203004 SANITARY AND VENT EQUIPMENT Backflow Preventer - 3" Pipe EA 40 
40038 D203004 SANITARY AND VENT EQUIPMENT Backflow Preventer - 4" Pipe EA 40 
40039 D203004 SANITARY AND VENT EQUIPMENT Backflow Preventer - 6" Pipe EA 40 
40040 D203004 SANITARY AND VENT EQUIPMENT Backflow Preventer - > 6" Pipe EA 40 
40041 D301005 SOLAR ENERGY SYSTEMS Closed Loop, Space/Hot Water Systems EA 25 
40042 D301002 GAS SUPPLY SYSTEM Fuel Storage Tank EA 75 
40043 D301002 GAS SUPPLY SYSTEM Fuel Storage Tank - Fuel Storage Tank, 1000 GAL EA 50 
40044 D301002 GAS SUPPLY SYSTEM Fuel Storage Tank - Fuel Storage Tank, 2500 GAL EA 50 
40045 D301002 GAS SUPPLY SYSTEM Fuel Storage Tank - Fuel Storage Tank, 5000 GAL EA 50 
40046 D301090 OTHER ENERGY SUPPLY Thermal Storage Tank EA 25 
40047 D302001 BOILERS Gas, Pulse EA 30 
40048 D302001 BOILERS Gas, Pulse - Pulse <100,000 BTU EA 30 
40049 D302001 BOILERS Gas, Pulse - Pulse >100,000 BTU EA 30 
40050 D302001 BOILERS Gas, Water Tube EA 30 
40051 D302001 BOILERS Gas, Water Tube - Water Tube  <1500 MBH EA 30 
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40052 D302001 BOILERS Gas, Water Tube - Water Tube  1500-2000 MBH EA 30 
40053 D302001 BOILERS Gas, Water Tube - Water Tube  2000-2700 MBH EA 30 
40054 D302001 BOILERS Gas, Water Tube - Water Tube  2700-4000 MBH EA 30 
40055 D302001 BOILERS Gas, Water Tube - Water Tube >4000 MBH EA 30 
40056 D302001 BOILERS Oil, Water Tube EA 30 
40057 D302001 BOILERS Oil, Water Tube -  <1500 MBH EA 30 
40058 D302001 BOILERS Oil, Water Tube -  1500-2000 MBH EA 30 
40059 D302001 BOILERS Oil, Water Tube -  2000-2700 MBH EA 30 
40060 D302001 BOILERS Oil, Water Tube -  2700-4000 MBH EA 30 
40061 D302001 BOILERS Oil, Water Tube - >4000 MBH EA 30 
40062 D302001 BOILERS Oil, Fire Tube EA 30 
40063 D302001 BOILERS Oil, Fire Tube -   <5000 MBH EA 30 
40064 D302001 BOILERS Oil, Fire Tube -   5000-7500 MBH EA 30 
40065 D302001 BOILERS Oil, Fire Tube -   7500-12500 MBH EA 30 
40066 D302001 BOILERS Oil, Fire Tube -  12500-20000 MBH EA 30 
40067 D302001 BOILERS Oil, Fire Tube - >20000 MBH EA 30 
40068 D302001 BOILERS Gas/Oil, Fire Tube EA 30 
40069 D302001 BOILERS Gas/Oil, Fire Tube - Fire Tube   <5,000 MBH EA 30 
40070 D302001 BOILERS Gas/Oil, Fire Tube - Fire Tube   5,000-7,500  EA 30 
40071 D302001 BOILERS Gas/Oil, Fire Tube - Fire Tube   7,500-12,500 EA 30 
40072 D302001 BOILERS Gas/Oil, Fire Tube - Fire Tube  12,500-20,000 EA 30 
40073 D302001 BOILERS Gas/Oil, Fire Tube - Fire Tube >20,000 MBH EA 30 
40074 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 5 TN EA 20 
40075 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 10 TN EA 20 
40076 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 100 TN EA 20 
40077 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 200 TN EA 20 
40078 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 400 TN EA 20 
40079 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Gas, Water Cooled - 600 TN EA 20 
40080 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled - 100 TN EA 20 
40081 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled - 200 TN EA 20 
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40082 D303001 CHILLED WATER SYSTEMS Chiller, Absorption, Steam, Water Cooled - 420 TN EA 20 
40083 D303001 CHILLED WATER SYSTEMS Chiller, Rotary Screw EA 20 
40084 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 130 TN, Air Cooled Screw Liquid 
Chiller EA 20 
40085 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 160 TN, Air Cooled Screw Liquid 
Chiller EA 20 
40086 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 180 TN, Air Cooled Screw Liquid 
Chiller EA 20 
40087 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 210 TN, Air Cooled Screw Liquid 
Chiller EA 20 
40088 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 270 TN, Air Cooled Screw Liquid 
Chiller EA 20 
40089 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 320 TN, Air Cooled Screw Liquid 
Chiller EA 20 
40090 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 80 TN, Water Cooled Screw 
Liquid Chiller EA 20 
40091 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 200 TN, Water Cooled Screw 
Liquid Chiller EA 20 
40092 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 350 TN, Water Cooled Screw 
Liquid Chiller EA 20 
40093 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 150 TN, Water Cooled Screw 
Liquid Chiller, Dual Compressors EA 20 
40094 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 200 TN, Water Cooled Screw 
Liquid Chiller, Dual Compressors EA 20 
40095 D303001 CHILLED WATER SYSTEMS 
Chiller, Rotary Screw - 291 TN, Water Cooled Screw 
Liquid Chiller, Dual Compressors EA 20 
40096 D303002 DIRECT EXPANSION SYSTEMS Rooftop Air Conditioning Unit EA 20 
40097 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat EA 20 
40098 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 2 ton cooling EA 20 
40099 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 3 ton cooling EA 20 
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40100 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 4 ton cooling EA 20 
40101 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 5 ton cooling EA 20 
40102 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 6 ton cooling EA 20 
40103 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 7.5 ton cooling EA 20 
40104 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 10 ton cooling EA 20 
40105 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 12.5 ton cooling EA 20 
40106 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 15 ton cooling EA 20 
40107 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 18 ton cooling EA 20 
40108 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 20 ton cooling EA 20 
40109 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 25 ton cooling EA 20 
40110 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 30 ton cooling EA 20 
40111 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - single zone, electric 
cool, gas heat, 40 ton cooling EA 20 
40112 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat EA 20 
40113 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 15 ton cooling EA 20 
40114 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 20 ton cooling EA 20 
40115 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 25 ton cooling EA 20 
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40116 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 28 ton cooling EA 20 
40117 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 30 ton cooling EA 20 
40118 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 40 ton cooling EA 20 
40119 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 50 ton cooling EA 20 
40120 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 70 ton cooling EA 20 
40121 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 80 ton cooling EA 20 
40122 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 90 ton cooling EA 20 
40123 D303002 DIRECT EXPANSION SYSTEMS 
Rooftop Air Conditioning Unit - multizone, electric 
cool, gas heat, 105 ton cooling EA 20 
40124 D304002 STEAM DISTRIBUTION SYSTEMS General LF 30 
40125 D304001 AIR DISTRIBUTION, HEATING & COOLING Air Separator EA 35 
40126 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 2" diameter, 
includes strainer EA 35 
40127 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 2-1/2" 
diameter, includes strainer EA 35 
40128 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 3" diameter, 
includes strainer EA 35 
40129 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 4" diameter, 
includes strainer EA 35 
40130 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 5" diameter, 
includes strainer EA 35 
40131 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 6" diameter, 
includes strainer EA 35 
40132 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 8" diameter, 
includes strainer EA 35 
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40133 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 10" diameter, 
includes strainer EA 35 
40134 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Air Separator - Air control, air separator, 12" diameter, 
includes strainer EA 35 
40135 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork LF 40 
40136 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 4" Diameter (15 SQ 
IN) LF 40 
40137 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 6" Diameter (30 SQ 
IN) LF 40 
40138 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 8" Diameter (60 SQ 
IN) LF 40 
40139 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 10" Diameter (80 SQ 
IN) LF 40 
40140 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 12" Diameter (120 
SQ IN) LF 40 
40141 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 18" Diameter (260 
SQ IN) LF 40 
40142 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Non-Metal Ductwork, 24" Diameter (460 
SQ IN) LF 40 
40143 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 4" Diameter (15 SQ IN) LF 40 
40144 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 5" Diameter (20 SQ IN) LF 40 
40145 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 6" Diameter (30 SQ IN) LF 40 
40146 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 7" Diameter (40 SQ IN) LF 40 
40147 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 8" Diameter (60 SQ IN) LF 40 
40148 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 10" Diameter (80 SQ IN) LF 40 
40149 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 12" Diameter (120 SQ IN) LF 40 
40150 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 14" Diameter (160 SQ IN) LF 40 
40151 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 16" Diameter (210 SQ IN) LF 40 
40152 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 18" Diameter (260 SQ IN) LF 40 
40153 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 20" Diameter (320 SQ IN) LF 40 
40154 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 22" Diameter (390 SQ IN) LF 40 
40155 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 24" Diameter (460 SQ IN) LF 40 
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40156 D304001 AIR DISTRIBUTION, HEATING & COOLING Ductwork - Metal Ductwork, 30" Diameter (710 SQ IN) LF 40 
40157 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Ductwork - Metal Ductwork, 36" Diameter (1020 SQ 
IN) LF 40 
40158 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust EA 10 
40159 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 6175 CFM EA 10 
40160 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 7500 CFM EA 10 
40161 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 10,100 CFM EA 10 
40162 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 14,300 CFM EA 10 
40163 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 19,800 CFM EA 10 
40164 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 26,250 CFM EA 10 
40165 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 38,500 CFM EA 10 
40166 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 46,000 CFM EA 10 
40167 D304007 EXHAUST SYSTEMS Fan System, Wall Exhaust - Wall Exhaust, 51,500 CFM EA 10 
40168 D304007 EXHAUST SYSTEMS Fan System, Residential Exhaust EA 40 
40169 D304007 EXHAUST SYSTEMS Ceiling Vents, Passive EA 20 
40170 D304007 EXHAUST SYSTEMS Ceiling Vents, Passive - Passive < 50 CFM EA 20 
40171 D304007 EXHAUST SYSTEMS Ceiling Vents, Passive - Passive 50-110 CFM EA 20 
40172 D304007 EXHAUST SYSTEMS Ceiling Vents, Passive - Passive 110-180 CFM EA 20 
40173 D304007 EXHAUST SYSTEMS Ceiling Vents, Passive - Passive 200-300 CFM EA 20 
40174 D304007 EXHAUST SYSTEMS Ceiling Vents, Passive - Passive > 300 CFM EA 20 
40175 D304008 AIR HANDLING UNITS Indoor Modular EA 15 
40176 D304008 AIR HANDLING UNITS Indoor Modular - 3000 CFM, 7.5 TN Central AHU EA 15 
40177 D304008 AIR HANDLING UNITS Indoor Modular - 3200 CFM, 8 TN Central AHU EA 15 
40178 D304008 AIR HANDLING UNITS Indoor Modular - 4000 CFM, 10 TN Central AHU EA 15 
40179 D304008 AIR HANDLING UNITS Indoor Modular - 4400 CFM, 11 TN Central AHU EA 15 
40180 D304008 AIR HANDLING UNITS Indoor Modular - 6000 CFM, 15 TN Central AHU EA 15 
40181 D304008 AIR HANDLING UNITS Indoor Modular - 7000 CFM, 17.5 TN Central AHU EA 15 
40182 D304008 AIR HANDLING UNITS Indoor Modular - 10,000 CFM, 25 TN Central AHU EA 15 
40183 D304008 AIR HANDLING UNITS Indoor Modular - 12,000 CFM, 30 TN Central AHU EA 15 
40184 D304005 GLYCOL DISTRIBUTION SYSTEMS General LF 30 
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40185 D305004 FIN TUBE RADIATION Baseboard Heating - 1/2" Copper Tube LF 30 
40186 D305004 FIN TUBE RADIATION Baseboard Heating - 3/4" Copper Tube LF 30 
40187 D305004 FIN TUBE RADIATION Baseboard Heating - 1" Copper Tube LF 30 
40188 D305004 FIN TUBE RADIATION Baseboard Heating - 1-1/4" Copper Tube LF 30 
40189 D305006 PACKAGE UNITS A/C Unit, Window EA 20 
40190 D305001 UNIT VENTILATORS Make-Up Air Unit EA 30 
40191 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 2000 CFM, 168 MBH, includes 
standard controls EA 30 
40192 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 3000 CFM, 252 MBH, includes 
standard controls EA 30 
40193 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 4000 CFM, 336 MBH, includes 
standard controls EA 30 
40194 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 6000 CFM, 502 MBH, includes 
standard controls EA 30 
40195 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 8000 CFM, 670 MBH, includes 
standard controls EA 30 
40196 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 10,000 CFM, 838 MBH, includes 
standard controls EA 30 
40197 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 12,000 CFM, 1005 MBH, includes 
standard controls EA 30 
40198 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 14,000 CFM, 1180 MBH, includes 
standard controls EA 30 
40199 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 18,000 CFM, 1340 MBH, includes 
standard controls EA 30 
40200 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 20,000 CFM, 1675 MBH, includes 
standard controls EA 30 
40201 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 24,000 CFM, 2007 MBH, includes 
standard controls EA 30 
40202 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 30,000 CFM, 2510 MBH, includes 
standard controls EA 30 
40203 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 35,000 CFM, 2930 MBH, includes 
standard controls EA 30 
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40204 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 40,000 CFM, 3350 MBH, includes 
standard controls EA 30 
40205 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 45,000 CFM, 3770 MBH, includes 
standard controls EA 30 
40206 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 50,000 CFM, 4180 MBH, includes 
standard controls EA 30 
40207 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 55,000 CFM, 4600 MBH, includes 
standard controls EA 30 
40208 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 60,000 CFM, 5020 MBH, includes 
standard controls EA 30 
40209 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 65,000 CFM, 5435 MBH, includes 
standard controls EA 30 
40210 D305001 UNIT VENTILATORS 
Make-Up Air Unit - 75,000 CFM, 6275 MBH, includes 
standard controls EA 30 
40211 D305006 PACKAGE UNITS A/C Unit, Package Terminal EA 20 
40212 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
6,000 BTUH cooling, 8,800 BTUH heat EA 20 
40213 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
9,000 BTUH cooling, 13,900 BTUH heat EA 20 
40214 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
12,000 BTUH cooling, 13,900 BTUH heat EA 20 
40215 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
15,000 BTUH cooling, 13,900 BTUH heat EA 20 
40216 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
18,000 BTUH, 10 kw EA 20 
40217 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
24,000 BTUH, 10 kw EA 20 
40218 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
30,000 BTUH, 10 kw EA 20 
40219 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
36,000 BTUH, 10 kw EA 20 
40220 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
42,000 BTUH, 10 kw EA 20 
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40221 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Packaged Terminal AC, 
48,000 BTUH, 10 kw EA 20 
40222 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Fan Coil Air Conditioning 
Cabinet Mounted filter controls, DX, 1.5 TN EA 20 
40223 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Fan Coil Air Conditioning 
Cabinet Mounted filter controls, DX, 5 TN EA 20 
40224 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Fan Coil Air Conditioning 
Cabinet Mounted filter controls, DX, 10 TN EA 20 
40225 D305006 PACKAGE UNITS 
A/C Unit, Package Terminal - Fan Coil Air Conditioning 
Cabinet Mounted filter controls, DX, 20 TN EA 20 
40226 D404001 SPRINKLERS AND RELEASING DEVICES Sprinkler Piping LF 50 
40227 D403001 STANDPIPE EQUIPMENT & PIPING Fire Hose Equipment LF 75 
40228 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, 
w/controller, fittings, relief valve EA 20 
40229 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, with 
controller, 4" pump, 30 HP, 500 GPM EA 20 
40230 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, with 
controller, 5" pump, 40 HP, 1000 GPM EA 20 
40231 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, with 
controller, 5" pump, 100 HP, 1000 GPM EA 20 
40232 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, for jockey 
pump system, add EA 20 
40233 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, diesel, with 
controller, 6" pump, 140 HP, 1500 GPM, 100 psi EA 20 
40234 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, diesel, with 
controller, 10" pump, 300 HP, 3500 GPM, 100 psi EA 20 
40235 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, with 
controller, 6" pump, 139 HP, 1500 GPM, 1770 RPM EA 20 
40236 D403001 STANDPIPE EQUIPMENT & PIPING 
Fire Hose Equipment - Fire pump, electric, with 
controller, 10" pump, 300 HP, 3500 GPM, 1770 RPM EA 20 
40237 D401002 FIRE ALARM DEVICES General EA 20 
40238 D401002 FIRE ALARM DEVICES 
Detectors with brackets, fixed temperature heat 
detector EA 20 
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40239 D401002 FIRE ALARM DEVICES 
Detectors with brackets, rate of temperature rise 
detector EA 20 
40240 D401002 FIRE ALARM DEVICES 
Detectors with brackets, ion detector (smoke) 
detector EA 20 
40241 D405001 PORTABLE EXTINGUISHERS Extinguisher agent EA 20 
40242 D405001 PORTABLE EXTINGUISHERS Extinguisher agent, 200 lb FM200, container EA 20 
40243 D405001 PORTABLE EXTINGUISHERS Extinguisher agent, 75 lb carbon dioxide cylinder EA 20 
40244 D405001 PORTABLE EXTINGUISHERS Dispersion nozzle EA 20 
40245 D405001 PORTABLE EXTINGUISHERS Dispersion nozzle, FM200 1-1/2" dispersion nozzle EA 20 
40246 D405001 PORTABLE EXTINGUISHERS 
Dispersion nozzle, carbon dioxide 3" x 5" dispersion 
nozzle EA 20 
40247 D401001 FIRE ALARM DISTRIBUTION Fire Alarm Control Panel - non addressable EA 20 
40248 D401001 FIRE ALARM DISTRIBUTION 
Fire Alarm Control Panel, single zone - non 
addressable EA 20 
40249 D401001 FIRE ALARM DISTRIBUTION 
Fire Alarm Control Panel, multizone (4) - non 
addressable EA 20 
40250 D401002 FIRE ALARM DEVICES Electric mechanical release EA 20 
40251 D401002 FIRE ALARM DEVICES Manual pull station EA 20 
40252 D401002 FIRE ALARM DEVICES Battery standby power 10" x 10" x 17" EA 20 
40253 D401002 FIRE ALARM DEVICES Bell signaling device EA 20 
40255 D209001 SPECIAL PIPING SYSTEMS General LF 15 
40256 B203003 REVOLVING DOORS Electric EA 20 
40257 B203090 OTHER EXTERIOR SPECIALTY DOORS Emergency Egress Door EA 20 
40259 C102003 FIRE DOORS Fire Door - Sliding EA 40 
40260 C102003 FIRE DOORS Fire Door - Rollup EA 40 
40261 D101005 DUMBWAITERS Electric EA 35 
40262 D101005 DUMBWAITERS Hydraulic EA 35 
40263 D204003 RAINWATER DRAINAGE EQUIPMENT Sump Pump - Duplex EA 25 
40264 D204003 RAINWATER DRAINAGE EQUIPMENT Sump Pump - Submersible EA 25 
40265 D303001 CHILLED WATER SYSTEMS Cooling Tower, Fluid Cooler EA 15 
40266 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Dampers EA 20 
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40267 B203004 OVERHEAD AND ROLL-UP DOORS Shutter, Rollup EA 20 
40268 B201001 EXTERIOR CLOSURE Cement Boards / Panels SF 30 
40269 B201003 INSULATION & VAPOR RETARDER Fiberglass Batts SF 20 
40270 B301003 ROOF INSULATION & FILL Fiberglass Batts SF 20 
40271 C102091 OTHER INTERIOR PERSONNEL DOORS Cipher Lock EA 40 
40272 C103008 COUNTERS Laminated Plastic LF 30 
40273 C103008 COUNTERS Concrete LF 30 
40274 C103008 COUNTERS Wood LF 30 
40275 C103008 COUNTERS Granite LF 30 
40276 C103008 COUNTERS Metal LF 30 
40277 C103008 COUNTERS Tile LF 30 
40278 C103008 COUNTERS Stone LF 30 
40279 C103008 COUNTERS Corian LF 30 
40280 C301005 WALL COVERINGS Laminated Plastic SF 10 
40281 D201090 OTHER PLUMBING FIXTURES Washer / Dryer Hookup EA 15 
40282 D202002 VALVES & HYDRANTS Hose Bib EA 25 
40283 D301002 GAS SUPPLY SYSTEM Gas Meter EA 50 
40284 D301090 OTHER ENERGY SUPPLY Ice Bank EA 25 
40285 D303090 OTHER COOLING GENERATING SYSTEMS Refrigeration Compressor EA 15 
40286 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Air Compressor EA 20 
40287 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Air Dryer EA 20 
40288 D501004 PANELBOARDS Safety Switch EA 40 
40289 D501004 PANELBOARDS Safety Switch, < 30 Amp EA 40 
40290 D501004 PANELBOARDS Safety Switch, 30-100 Amp EA 40 
40291 D501004 PANELBOARDS Safety Switch, >100 Amp EA 40 
40292 D502002 LIGHTING EQUIPMENT Interior Lighting, LED EA 20 
41000 A101001 WALL FOUNDATIONS General LF 100 
41001 A101002 COLUMN FOUNDATIONS & PILE CAPS General EA 100 
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41002 A101003 DEWATERING General SF 100 
41003 A101090 OTHER STANDARD FOUNDATIONS General EA 100 
41004 A102001 PILE FOUNDATIONS General SF 100 
41006 A102003 UNDERPINNING General LF 100 
41007 A102004 DEWATERING General SF 100 
41009 A102006 PRESSURE INJECTED GROUTING General SF 100 
41010 A102090 OTHER SPECIAL FOUNDATIONS General EA 100 
41011 A103001 STANDARD SLAB ON GRADE General SF 100 
41013 A103003 TRENCHES General LF 100 
41014 A103004 PITS AND BASES General EA 100 
41015 A103005 FOUNDATION DRAINAGE General LF 100 
41016 A103090 OTHER SLAB ON GRADE General SF 100 
41017 A201001 EXCAVATION FOR BASEMENTS General SY 100 
41018 A201002 STRUCTURE BACKFILL & COMPACTION General SY 100 
41019 A201003 SHORING General SF 100 
41020 A201090 OTHER BASEMENT EXCAVATION General EA 100 
41021 A202001 BASEMENT WALL CONSTRUCTION General SF 100 
41022 A202002 MOISTURE PROTECTION General SF 100 
41023 A202003 BASEMENT WALL INSULATION General SF 100 
41024 A202090 OTHER BASEMENT WALLS General SF 100 
41025 B101001 STRUCTURAL FRAME General SF 100 
41027 B101003 FLOOR DECKS AND SLABS General SF 100 
41032 B101090 OTHER FLOOR CONSTRUCTION General SF 100 
41033 B102001 STRUCTURAL FRAME General SF 100 
41035 B102003 ROOF DECKS AND SLABS General SF 100 
41037 B102090 OTHER ROOF CONSTRUCTION General SF 60 
41038 B201001 EXTERIOR CLOSURE General SF 30 
41039 B201002 EXTERIOR WALL BACKUP CONSTRUCTION General SF 20 
41040 B201003 INSULATION & VAPOR RETARDER General SF 20 
41041 B201004 PARAPETS General LF 20 
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41042 B201005 EXTERIOR LOUVERS & SCREENS General SF 20 
41043 B201006 BALCONY WALLS & HANDRAILS General LF 15 
41044 B201007 EXTERIOR SOFFITS General SF 20 
41045 B201008 FLASHING General SF 20 
41046 B201009 EXTERIOR PAINTING AND SPECIAL COATINGS General SF 20 
41047 B201010 EXTERIOR JOINT SEALANT General LF 20 
41048 B201011 SUN CONTROL DEVICES General SF 20 
41049 B201012 SCREEN WALLS General LF 20 
41050 B201090 OTHER EXTERIOR WALLS General SF 40 
41051 B202001 WINDOWS General SF 50 
41054 B202090 OTHER EXTERIOR WINDOWS General EA 65 
41055 B203001 SOLID DOORS General EA 20 
41057 B203003 REVOLVING DOORS General EA 20 
41062 B203008 EXTERIOR DOOR HARDWARE General EA 20 
41063 B203090 OTHER EXTERIOR SPECIALTY DOORS General EA 20 
41064 B203091 OTHER EXTERIOR PERSONNEL DOORS General EA 20 
41065 B301001 STEEP SLOPE ROOF SYSTEMS General SF 20 
41066 B301002 LOW SLOPE ROOF SYSTEMS General SF 20 
41069 B301005 GUTTERS & DOWNSPOUTS General LF 20 
41070 B301006 ROOF OPENINGS AND SUPPORTS General SF 75 
41071 B301090 OTHER ROOFING General SF 10 
41072 C101001 FIXED PARTITIONS General SF 50 
41075 C101004 INTERIOR GUARDRAILS & SCREENS General LF 20 
41076 C101005 INTERIOR WINDOWS General SF 20 
41077 C101006 GLAZED PARTITIONS & STOREFRONTS General SF 20 
41078 C101007 INTERIOR GLAZING General SF 20 
41079 C101008 INTERIOR JOINT SEALANT General LF 20 
41080 C101090 OTHER PARTITIONS General SF 20 
41083 C102003 FIRE DOORS General EA 40 
41087 C102007 INTERIOR DOOR HARDWARE General EA 20 
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41089 C102091 OTHER INTERIOR PERSONNEL DOORS General EA 40 
41090 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS General EA 20 
41091 C103002 TOILET & BATH ACCESSORIES General EA 20 
41092 C103003 MARKER BOARDS & TACK BOARDS General EA 20 
41093 C103004 IDENTIFYING DEVICES General EA 20 
41099 C103010 CASEWORK General LF 20 
41100 C103011 CLOSETS General LF 20 
41101 C103012 FIRESTOPPING PENETRATIONS General EA 20 
41102 C103013 SPRAYED FIRE-RESISTIVE MATERIALS General SF 20 
41103 C103014 ENTRANCE FLOOR GRILLES AND MATS General SF 28 
41104 C103015 ORNAMENTAL METALWORK General EA 20 
41105 C103090 OTHER INTERIOR SPECIALTIES General EA 15 
41106 C201001 INTERIOR AND EXTERIOR STAIRS General FLT 20 
41107 C201002 FIRE ESCAPE STAIRS General FLT 20 
41108 
C201090 STAIR HANDRAILS, GUARDRAILS AND 
ACCESSORIES General LF 20 
41112 C301004 TILE & TERRAZZO WALL FINISHES General SF 75 
41115 C301090 OTHER WALL FINISHES General SF 14 
41116 C302001 TILE FLOOR FINISHES General SF 75 
41119 C302004 RESILIENT FLOOR FINISHES General SF 18 
41121 C302006 MASONRY & STONE FLOORING General SF 50 
41122 C302007 WALL BASE FINISHES General LF 20 
41123 C302008 STAIR FINISHES General SF 20 
41124 
C302009 FLOOR TOPPINGS AND TRAFFIC 
MEMBRANES General SF 20 
41125 C302010 HARDENERS AND SEALERS General SF 40 
41127 C302090 OTHER FLOORING & FLOOR FINISHES General SF 50 
41132 C303005 SUSPENSION SYSTEMS General SF 20 
41134 C303090 OTHER CEILING & CEILING FINISHES General SF 40 
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41135 C304001 GENERAL REQUIREMENTS General SF 20 
41136 C304002 CONCRETE FINISHES General SF 20 
41137 C304003 CONCRETE MASONRY FINISHES General SF 20 
41138 C304004 METAL FINISHES General SF 20 
41139 C304005 INTERIOR WOOD FINISHES General SF 20 
41140 C304006 GYPSUM WALLBOARD FINISHES General SF 20 
41141 C304007 SPECIAL COATINGS ON WALLS General SF 20 
41142 D101001 GENERAL CONSTRUCTION ITEMS General EA 20 
41143 D101002 PASSENGER ELEVATORS General STP 25 
41144 D101003 FREIGHT ELEVATORS General STP 25 
41145 D101004 WHEELCHAIR LIFT General EA 20 
41147 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT General EA 25 
41148 
D102001 BASIC REQUIREMENTS OF CRANES AND 
MONORAILS General EA 20 
41150 D102003 MONORAILS General EA 20 
41153 D103090 OTHER MOVING STAIRS & WALKS General EA 20 
41156 D109003 LINEN, TRASH, AND MAIL CHUTES General LF 20 
41158 D109004 TURNTABLES General EA 20 
41159 D109005 OPERABLE SCAFFOLDING General SF 20 
41161 D109006 TRANSPORTATION SYSTEMS General EA 20 
41162 D109090 OTHER MATERIAL HANDLING SYSTEMS General EA 20 
41166 D201004 SINKS General EA 25 
41167 D201005 SHOWERS/TUBS General EA 25 
41168 D201006 DRINKING FOUNTAINS AND COOLERS General EA 10 
41170 D201090 OTHER PLUMBING FIXTURES General EA 15 
41172 D202002 VALVES & HYDRANTS General EA 25 
41173 D202003 DOMESTIC WATER EQUIPMENT General EA 25 
41174 D202004 INSULATION & IDENTIFICATION General EA 25 
41175 D202005 SPECIALTIES General EA 25 
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41176 D202090 OTHER DOMESTIC WATER SUPPLY General EA 8 
41178 D203002 VENT PIPE & FITTINGS General EA 25 
41179 D203003 FLOOR DRAINS General EA 25 
41180 D203004 SANITARY AND VENT EQUIPMENT General EA 25 
41181 D203005 INSULATION & IDENTIFICATION General EA 25 
41182 D203090 OTHER SANITARY WASTE General EA 100 
41183 D204001 PIPE & FITTINGS General LF 25 
41185 D204003 RAINWATER DRAINAGE EQUIPMENT General EA 25 
41186 D204004 INSULATION & IDENTIFICATION General LF 25 
41187 D204090 OTHER RAIN WATER DRAINAGE SYSTEM General EA 25 
41189 D209002 ACID WASTE SYSTEMS General EA 25 
41190 D209003 INTERCEPTORS General EA 25 
41191 D209004 POOL PIPING AND EQUIPMENT General EA 25 
41192 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) General EA 25 
41193 D209090 OTHER SPECIAL PLUMBING SYSTEMS General EA 25 
41194 D301001 OIL SUPPLY SYSTEM General MBH 20 
41195 D301002 GAS SUPPLY SYSTEM General MBH 50 
41196 
D301003 STEAM SUPPLY SYSTEM (FROM CENTRAL 
PLANT) General MBH 20 
41197 
D301004 HOT WATER SUPPLY SYSTEM (FROM 
CENTRAL PLANT) General MBH 20 
41198 D301005 SOLAR ENERGY SYSTEMS General EA 25 
41199 D301006 WIND ENERGY SUPPLY SYSTEM General EA 20 
41200 D301007 COAL SUPPLY SYSTEM General MBH 20 
41201 D301090 OTHER ENERGY SUPPLY General EA 25 
41202 D302001 BOILERS General MBH 30 
41204 D302003 FUEL-FIRED UNIT HEATERS General MBH 25 
41205 D302004 AUXILIARY EQUIPMENT General MBH 20 
41206 D302005 EQUIPMENT THERMAL INSULATION General SF 20 
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41207 D302090 OTHER HEAT GENERATING SYSTEMS General EA 30 
41208 D303001 CHILLED WATER SYSTEMS General TON 20 
41209 D303002 DIRECT EXPANSION SYSTEMS General TON 20 
41210 D303090 OTHER COOLING GENERATING SYSTEMS General EA 15 
41211 D304001 AIR DISTRIBUTION, HEATING & COOLING General EA 20 
41213 D304003 HOT WATER DISTRIBUTION SYSTEMS General MBH 20 
41214 D304004 CHANGE OVER DISTRIBUTION SYSTEMS General MBH 20 
41216 D304006 CHILLED WATER DISTRIBUTION SYSTEMS General TON 20 
41217 D304007 EXHAUST SYSTEMS General EA 25 
41218 D304008 AIR HANDLING UNITS General EA 15 
41219 D304090 OTHER DISTRIBUTION SYSTEMS General EA 30 
41220 D305001 UNIT VENTILATORS General EA 20 
41221 D305002 UNIT HEATERS General EA 25 
41222 D305003 FAN COIL UNITS General EA 15 
41225 D305006 PACKAGE UNITS General EA 20 
41226 D305090 OTHER TERMINAL & PACKAGE UNITS General EA 25 
41227 D306001 HVAC CONTROLS General EA 20 
41231 D306005 GAS PURGING SYSTEMS General EA 20 
41232 D306090 OTHER CONTROLS INSTRUMENTATION General EA 10 
41233 
D307001 WATER SIDE TESTING & BALANCING - 
HEATING & COOLING General EA 20 
41234 
D307002 AIR SIDE TESTING & BALANCING - HEATING, 
COOLING & EXHAUST  General EA 20 
41235 D307003 HVAC COMMISSIONING General EA 20 
41236 D307090 OTHER SYSTEMS TESTING & BALANCING General EA 20 
41237 D309001 GENERAL CONSTRUCTION ITEMS General SF 20 
41238 D309002 REFRIGERATION SYSTEMS General TON 20 
41239 D309090 OTHER SPECIAL MECHANICAL SYSTEMS General EA 10 
41240 D401001 FIRE ALARM DISTRIBUTION General SF 20 
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41242 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT General LF 20 
41244 D403001 STANDPIPE EQUIPMENT & PIPING General EA 20 
41245 D404001 SPRINKLERS AND RELEASING DEVICES General EA 50 
41246 
D404002 SPRINKLER WATER SUPPLY EQUIPMENT AND 
PIPING General EA 23 
41247 D405001 PORTABLE EXTINGUISHERS General EA 20 
41249 D409002 FOAM GENERATING EQUIPMENT General EA 20 
41252 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS General EA 20 
41253 D501001 MAIN TRANSFORMERS General KVA 50 
41257 D501005 ENCLOSED CIRCUIT BREAKERS General AMP 50 
41259 D501090 OTHER SERVICE AND DISTRIBUTION General EA 25 
41261 D502002 LIGHTING EQUIPMENT General SF 20 
41262 D502090 OTHER LIGHTING AND BRANCH WIRING General EA 15 
41263 D503001 TELECOMMUNICATIONS SYSTEMS General EA 20 
41264 D503002 PUBLIC ADDRESS SYSTEMS General SF 20 
41265 D503003 INTERCOMMUNICATIONS SYSTEMS General EA 15 
41266 D503004 TELEVISION SYSTEMS General EA 20 
41267 D503005 SECURITY SYSTEMS General EA 20 
41268 D503006 NURSE CALL SYSTEMS General EA 20 
41269 D503007 CLOCK & PROGRAM SYSTEMS General EA 20 
41271 
D509001 GENERAL CONSTRUCTION ITEMS 
(ELECTRICAL) General SF 20 
41272 D509002 EMERGENCY LIGHTING & POWER General SF 20 
41275 D509005 ELECTRIC HEATING General SF 20 
41276 D509006 ENERGY MANAGEMENT CONTROL SYSTEM General SF 20 
41277 D509090 OTHER SPECIAL SYSTEMS AND DEVICES General EA 18 
41278 E101001 CHECKROOM EQUIPMENT General EA 20 
41279 E101002 REGISTRATION EQUIPMENT General EA 20 
41280 E101003 VENDING EQUIPMENT General EA 20 
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41281 E101004 LAUNDRY EQUIPMENT General EA 20 
41282 E101005 SECURITY & VAULT EQUIPMENT General EA 50 
41283 E101006 TELLER AND SERVICE EQUIPMENT General EA 20 
41284 E101007 MERCANTILE EQUIPMENT General EA 20 
41285 E101008 OFFICE EQUIPMENT General EA 20 
41286 
E102001 MISCELLANEOUS COMMON FIXED & 
MOVEABLE EQUIPMENT General EA 30 
41287 E102002 MEDICAL EQUIPMENT General EA 20 
41288 E102003 LABORATORY EQUIPMENT General EA 20 
41289 E102004 MORTUARY EQUIPMENT General EA 20 
41290 E102005 AUDITORIUM & STAGE EQUIPMENT General EA 20 
41291 E102006 LIBRARY EQUIPMENT General EA 20 
41292 E102007 ECCLESIASTICAL EQUIPMENT General EA 20 
41293 E102008 INSTRUMENTAL EQUIPMENT General EA 20 
41294 E102009 AUDIO-VISUAL EQUIPMENT General EA 20 
41295 E102010 DETENTION EQUIPMENT General EA 20 
41296 E103001 PARKING CONTROL EQUIPMENT General EA 20 
41298 E103003 WAREHOUSE EQUIPMENT General EA 20 
41300 E109001 BUILT-IN MAINTENANCE EQUIPMENT General SF 20 
41301 E109002 FOOD SERVICE EQUIPMENT General EA 20 
41302 E109003 WASTE HANDLING EQUIPMENT General EA 20 
41303 E109004 RESIDENTIAL EQUIPMENT General EA 20 
41304 E109005 UNIT KITCHENS General EA 20 
41305 E109006 DARKROOM EQUIPMENT General EA 20 
41306 
E109007 ATHLETIC, RECREATIONAL, & THERAPEUTIC 
EQUIPMENT General EA 20 
41307 E109008 PLANETARIUM EQUIPMENT General EA 20 
41308 E109009 OBSERVATORY EQUIPMENT General EA 20 
41309 E109010 AGRICULTURAL EQUIPMENT General EA 20 
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41310 
E109090 OTHER SPECIALIZED FIXED AND MOVEABLE 
EQUIPMENT General EA 20 
41311 E201001 FIXED ARTWORK General EA 20 
41312 E201002 WINDOW TREATMENTS General SF 20 
41314 E201004 FIXED INTERIOR LANDSCAPING General EA 20 
41315 E201090 OTHER FIXED INTERIOR FURNISHINGS General EA 20 
41316 E202001 MOVEABLE ART WORK General EA 20 
41317 E202002 MODULAR PREFABRICATED FURNITURE General SF 20 
41318 E202003 FREESTANDING FURNITURE General EA 20 
41319 E202004 RUGS & ACCESSORIES General EA 20 
41320 E202005 MOVEABLE MULTIPLE SEATING General EA 20 
41321 E202006 MOVEABLE INTERIOR LANDSCAPING General EA 20 
41322 E202090 OTHER MOVEABLE FURNISHINGS General EA 20 
41323 F101001 METAL BUILDING SYSTEMS General SF 20 
41324 F101002 EXTERIOR UTILITY BUILDINGS General SF 20 
41325 F101003 AIR-SUPPORTED STRUCTURES General SF 20 
41326 F101090 OTHER SPECIAL CONSTRUCTION General EA 20 
41327 F102001 SPECIAL PURPOSE ROOMS General SF 20 
41328 F102002 INTEGRATED ASSEMBLIES General SF 24 
41329 F102090 OTHER INTEGRATED CONSTRUCTION General SF 20 
41330 F103001 VAULTS General SF 20 
41331 
F103002 SOUND, VIBRATION, AND SEISMIC 
CONSTRUCTION General SF 20 
41332 F103003 RADIATION PROTECTION General SF 20 
41333 F103090 OTHER SPECIAL CONSTRUCTION SYSTEMS General SF 20 
41334 F104001 INTERIOR SWIMMING POOLS General SF 20 
41335 F104002 LIQUID AND GAS STORAGE TANKS General EA 20 
41336 F104003 KENNELS AND ANIMAL SHELTERS General SF 20 
41337 F104004 SITE CONSTRUCTED INCINERATORS General EA 20 
41338 F104005 ICE RINKS General SF 20 
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41339 F104090 OTHER SPECIAL FACILITIES General EA 20 
41340 F105001 RECORDING INSTRUMENTATION General EA 20 
41341 F105002 BUILDING AUTOMATION SYSTEMS General EA 20 
41342 
F105090 OTHER SPECIAL CONTROLS AND 
INSTRUMENTATION General EA 20 
41343 F201001 SUBSTRUCTURE & SUPERSTRUCTURE General EA 20 
41344 F201002 EXTERIOR CLOSURE General EA 20 
41345 F201003 ROOFING General EA 20 
41346 F201004 INTERIOR CONSTRUCTION & FINISHES General EA 20 
41347 F201005 CONVEYING SYSTEMS General EA 20 
41348 F201006 MECHANICAL SYSTEMS General EA 20 
41349 F201007 ELECTRICAL SYSTEMS General EA 20 
41350 F201008 EQUIPMENT & FURNISHINGS General EA 20 
41351 
F201090 OTHER NON-HAZARDOUS SELECTIVE 
BUILDING DEMOLITION General EA 20 
41352 F202001 SUBSTRUCTURE & SUPERSTRUCTURE General EA 20 
41353 F202002 EXTERIOR CLOSURE General EA 20 
41354 F202003 ROOFING General EA 20 
41355 F202004 INTERIOR CONSTRUCTION & FINISHES General EA 20 
41356 F202005 CONVEYING SYSTEMS General EA 20 
41357 F202006 MECHANICAL SYSTEMS General EA 20 
41358 F202007 ELECTRICAL SYSTEMS General EA 20 
41359 F202008 EQUIPMENT & FURNISHINGS General EA 20 
41360 
F202090 OTHER HAZARDOUS SELECTIVE BUILDING 
DEMOLITION General EA 20 
41361 G101001 CLEARING General EA 20 
41362 G101002 TREE REMOVAL General EA 20 
41363 G101003 STUMP REMOVAL General EA 20 
41364 G101004 GRUBBING General EA 20 
41365 G101005 SELECTIVE THINNING General EA 20 
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41366 G101006 DEBRIS DISPOSAL General SY 20 
41367 G101090 OTHER SITE CLEARING General EA 20 
41368 G102001 BUILDING MASS DEMOLITION General EA 20 
41369 G102002 ABOVE GROUND SITE DEMOLITION General SY 20 
41370 G102003 UNDERGROUND SITE DEMOLITION General SY 20 
41371 G102004 BUILDING RELOCATION General SF 20 
41372 G102005 UTILITY RELOCATION General LF 20 
41373 G102006 FENCING RELOCATION General LF 20 
41374 G102007 SITE CLEANUP General SY 20 
41375 G102090 OTHER SITE DEMOLITION & RELOCATIONS General EA 20 
41376 G103001 GRADING General SY 20 
41377 G103002 COMMON EXCAVATION General SY 20 
41378 G103003 ROCK EXCAVATION General SY 20 
41379 G103004 FILL & BORROW General SY 20 
41380 G103005 COMPACTION General SY 20 
41381 G103006 SOIL STABILIZATION General SY 20 
41382 G103007 SLOPE STABILIZATION General SY 20 
41383 G103008 SOIL TREATMENT General SY 20 
41384 G103009 SHORING General SF 20 
41385 G103010 TEMPORARY DEWATERING General SY 20 
41386 
G103011 TEMPORARY EROSION & SEDIMENT 
CONTROL General SF 20 
41387 G103090 OTHER SITE EARTHWORK General EA 20 
41388 G104001 REMOVAL OF CONTAMINATED SOIL General SY 20 
41389 G104002 SOIL RESTORATION AND TREATMENT General SY 20 
41390 G104090 OTHER HAZARDOUS WASTE REMEDIATION General EA 20 
41391 G201001 BASES & SUBBASES General SY 20 
41392 G201002 CURBS & GUTTERS General LF 20 
41393 G201003 PAVED SURFACES General SY 20 
41394 G201004 MARKING & SIGNAGE General SY 20 
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41395 G201005 GUARDRAILS & BARRIERS General LF 20 
41396 G201006 RESURFACING General SY 20 
41397 G201090 OTHER ROADWAYS General EA 20 
41398 G202001 BASES & SUBBASES General SY 20 
41399 G202002 CURBS & GUTTERS General LF 20 
41401 G202004 MARKING & SIGNAGE General EA 20 
41402 G202005 GUARDRAILS & BARRIERS General LF 20 
41403 G202006 RESURFACING General SY 20 
41404 
G202007 MISCELLANEOUS STRUCTURES AND 
EQUIPMENT General EA 20 
41405 G202090 OTHER PARKING LOTS General EA 20 
41406 G203001 BASES & SUBBASES General SY 20 
41407 G203002 CURBS & GUTTERS General LF 20 
41409 G203004 GUARDRAILS & BARRIERS General LF 20 
41410 G203005 RESURFACING General SY 20 
41411 G203090 OTHER WALKS, STEPS & TERRACES General EA 30 
41412 G204001 FENCING & GATES General LF 25 
41414 G204003 EXTERIOR FURNISHINGS General EA 20 
41415 G204004 SECURITY STRUCTURES General EA 20 
41416 G204005 SIGNAGE General EA 20 
41417 G204006 FOUNTAINS & POOLS General EA 20 
41418 G204007 PLAYING FIELDS General EA 20 
41419 G204008 TERRACE AND PERIMETER WALLS General SY 20 
41420 G204009 FLAGPOLES General EA 20 
41421 G204090 OTHER SITE IMPROVEMENTS General EA 20 
41422 G205001 FINE GRADING & SOIL PREPARATION General SY 20 
41423 G205002 EROSION CONTROL MEASURES General SY 20 
41424 G205003 TOPSOIL & PLANTING BEDS General SY 20 
41425 G205004 SEEDING, SPRIGGING AND SODDING General SY 20 
41426 G205005 PLANTINGS General EA 20 
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41427 G205006 PLANTERS General EA 20 
41428 G205007 IRRIGATION SYSTEMS General SY 20 
41429 G205090 OTHER LANDSCAPING General EA 20 
41430 G206001 AIRFIELD PAVING CONSTRUCTION General SY 20 
41431 G206002 OTHER PAVING General SY 20 
41432 G206003 JOINTS AND ANCHORAGE General SY 20 
41433 G206004 NAVIGATION AIDS General EA 20 
41434 G206005 AIRFIELD MARKINGS General EA 20 
41435 G301001 WELL SYSTEMS General EA 20 
41436 G301002 POTABLE WATER DISTRIBUTION General LF 20 
41437 G301003 POTABLE WATER STORAGE General EA 20 
41438 G301004 FIRE PROTECTION WATER DISTRIBUTION General LF 20 
41439 G301005 FIRE PROTECTION WATER STORAGE General EA 20 
41440 G301006 NON-POTABLE WATER DISTRIBUTION General LF 20 
41441 G301007 PUMPING STATIONS General EA 20 
41442 G301008 PACKAGED WATER TREATMENT PLANTS General EA 20 
41443 G301090 OTHER WATER SUPPLY General EA 20 
41444 G302001 SANITARY SEWER PIPING General LF 20 
41445 G302002 SANITARY SEWER MANHOLES & CLEANOUTS General EA 20 
41446 G302003 LIFT STATIONS AND PUMPING STATIONS General EA 20 
41447 
G302004 PACKAGED SANITARY SEWER TREATMENT 
PLANTS General EA 20 
41448 G302005 SEPTIC TANKS General EA 20 
41449 G302006 DRAIN FIELDS General LF 20 
41450 G302090 OTHER SANITARY SEWER General EA 20 
41451 G303001 STORM SEWER PIPING General LF 20 
41452 G303002 STORM SEWER STRUCTURES General EA 20 
41453 G303003 LIFT STATIONS General EA 20 
41454 G303004 CULVERTS General LF 20 
41455 G303005 HEADWALLS General EA 20 
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41456 G303006 EROSION & SEDIMENT CONTROL MEASURES General SY 20 
41457 G303007 STORMWATER MANAGEMENT General EA 20 
41458 G303090 OTHER STORM SEWER General EA 20 
41459 G304001 OVERHEAD HOT WATER SYSTEMS General LF 20 
41460 G304002 OVERHEAD STEAM SYSTEMS General LF 20 
41461 G304003 UNDERGROUND HOT WATER SYSTEMS General LF 20 
41462 
G304004 UNDERGROUND STEAM DISTRIBUTION 
SYSTEMS General LF 20 
41463 
G304005 REINFORCED CONCRETE MANHOLES & 
VALVE BOXES General EA 20 
41464 G304006 PUMPING STATIONS General EA 20 
41465 G304090 OTHER HEATING DISTRIBUTION General EA 20 
41466 G305001 OVERHEAD COOLING SYSTEMS General LF 20 
41467 G305002 UNDERGROUND COOLING SYSTEMS General LF 20 
41468 G305003 TRENCHBOXES General LF 20 
41469 G305004 WELLS FOR COOLING General EA 20 
41470 G305005 PUMPING STATIONS General EA 20 
41471 G305006 ON-SITE COOLING TOWERS General EA 20 
41472 G305090 OTHER COOLING DISTRIBUTION General EA 20 
41473 G306001 LIQUID FUEL DISTRIBUTION PIPING SYSTEM General LF 20 
41474 
G306002 AVIATION FUEL DISTRIBUTION PIPING 
SYSTEM General LF 20 
41475 G306003 LIQUID FUEL STORAGE TANKS General EA 20 
41476 G306004 LIQUID FUEL DISPENSING EQUIPMENT General EA 20 
41477 G306005 LIQUID FUEL SYSTEM TRENCHBOXES General LF 20 
41478 
G306006 GAS DISTRIBUTION PIPING (NATURAL AND 
PROPANE) General LF 20 
41479 G306007 GAS STORAGE TANKS General EA 20 
41480 G306008 GAS SYSTEM TRENCHBOXES General LF 20 
41481 G306009 OTHER GAS DISTRIBUTION General EA 20 
41482 G306090 OTHER FUEL DISTRIBUTION General EA 20 
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41483 G309001 INDUSTRIAL WASTE PIPE General LF 20 
41484 
G309002 INDUSTRIAL WASTE MANHOLES & 
CLEANOUTS General EA 20 
41485 G309003 INDUSTRIAL WASTE LIFT STATIONS General EA 20 
41486 
G309004 INDUSTRIAL WASTE HOLDING TANKS & 
SEPARATORS General EA 20 
41487 G309005 INDUSTRIAL WASTE TRENCHBOXES General LF 20 
41488 G309090 OTHER INDUSTRIAL WASTE General EA 20 
41489 G401001 SUBSTATIONS General KVA 20 
41490 G401002 TRANSFORMERS General KVA 20 
41491 G401003 SWITCHES, CONTROLS & DEVICES General EA 20 
41492 G401004 OVERHEAD ELECTRIC CONDUCTORS General LF 20 
41493 
G401005 TOWERS, POLES, CROSSARMS & 
INSULATORS General EA 20 
41494 G401006 UNDERGROUND ELECTRIC CONDUCTORS General LF 20 
41495 
G401007 DUCTBANKS, MANHOLES, HANDHOLES & 
RACEWAYS General EA 20 
41496 G401008 GROUNDING SYSTEMS General EA 20 
41497 G401009 METERING General EA 20 
41498 G401010 CATHODIC PROTECTION General EA 20 
41499 
G401011 EQUIPMENT REQUIREMENTS FOR COASTAL 
AND HIGH HUMIDITY AREAS General EA 20 
41500 
G401090 OTHER ELECTRIC TRANSMISSION & 
DISTRIBUTION General EA 20 
41501 G402001 EXTERIOR LIGHTING FIXTURES & CONTROLS General EA 20 
41502 G402002 SPECIAL SECURITY LIGHTING SYSTEMS General EA 20 
41503 G402003 OTHER AREA LIGHTING General EA 20 
41504 G402004 LIGHTING POLES General EA 20 
41505 G402005 UNDERGROUND ELECTRIC CONDUCTORS General LF 20 
41506 G402006 DUCTBANKS, MANHOLES & HANDHOLES General EA 20 
41507 G402007 GROUNDING SYSTEMS General EA 20 
264 
 
CMC Material Category Component Type UoM Design Life 
41508 G403001 TELECOMMUNICATIONS SYSTEMS General LF 20 
41509 G403002 CABLE TV SYSTEMS (CATV) General LF 20 
41510 G403003 CABLES & WIRING General LF 20 
41511 G403004 DUCTBANKS, MANHOLES & HANDHOLES General EA 20 
41512 G403005 TOWERS, POLES & STANDS General EA 20 
41513 G403006 TV CAMERAS & MONITORS General EA 20 
41514 G403007 ELECTRONIC SECURITY SYSTEMS (ESS) General EA 20 
41515 G403008 OTHER COMMUNICATION & ALARM General EA 20 
41516 G403009 GROUNDING SYSTEMS General EA 20 
41517 G403090 OTHER SECURITY SYSTEMS General EA 20 
41518 
G409001 SACRIFICIAL ANODE CATHODIC PROTECTION 
SYSTEM General EA 20 
41519 
G409002 INDUCED CURRENT CATHODIC PROTECTION 
SYSTEM General LF 20 
41520 G409003 EMERGENCY POWER GENERATION General KVA 20 
41521 G409090 OTHER CATHODIC PROTECTION General EA 20 
41522 G901001 SERVICE AND PEDESTRIAN TUNNELS General LF 20 
41523 
G901002 PREFABRICATED SERVICE AND PEDESTRIAN 
TUNNELS General LF 20 
41524 G909001 BRIDGES General SY 20 
41525 G909002 RAILROAD SPURS General LF 20 
41526 G909003 SNOW MELTING SYSTEMS General EA 20 
41527 G909090 OTHER SPECIAL CONSTRUCTION General EA 20 
41528 H101001 PILE FOUNDATIONS General EA 20 
41529 H101002 PILE CAPS General EA 20 
41530 H101003 QUAYS General EA 20 
41531 H101004 RELIEVING PLATFORMS General EA 20 
41532 H101005 REVETMENTS General EA 20 
41533 H101006 SEAWALLS General EA 20 
41534 H101007 BOAT RAMPS General EA 20 
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41535 H101008 CUT-OFF WALLS General EA 20 
41536 H101009 GUARD POSTS AND RAILING General EA 20 
41537 H101010 OTHER SUBSTRUCTURE COMPONENTS General EA 20 
41538 H102001 BEAMS AND GIRDERS General EA 20 
41539 H102002 COLUMNS General EA 20 
41540 H102003 UTILITY ENCLOSURES General EA 20 
41541 H102004 OTHER SUPERSTRUCTURE ELEMENTS General EA 20 
41542 H103001 DECK General EA 20 
41543 H103002 ON-GRADE SLAB General EA 20 
41544 H103003 DECK OVERLAY General EA 20 
41545 H103004 CURBS AND BULLRAILS General EA 20 
41546 H103005 MOORING FOUNDATIONS General EA 20 
41547 H103006 HIGH MAST LIGHTING FOUNDATIONS General EA 20 
41548 H103007 UTILITY MOUNDS General EA 20 
41549 H103008 EXPANSION JOINTS General EA 20 
41550 H103009 GUARD POSTS AND RAILING General EA 20 
41551 H103010 PAINT STRIPING General EA 20 
41552 H103011 OTHER DECK COMPONENTS General EA 20 
41553 H104001 PRIMARY FENDER SYSTEM General EA 20 
41554 H104002 SECONDARY FENDER SYSTEM General EA 20 
41555 H104003 CORNER FENDER SYSTEM General EA 20 
41556 H104004 DOLPHINS General EA 20 
41557 H104005 MOORING HARDWARE General EA 20 
41558 
H104006 OTHER MOORING AND BERTHING 
COMPONENTS General EA 20 
41559 H301001 WAVE PROTECTION ARMORS General EA 20 
41560 H301002 BREAKWATERS General EA 20 
41561 H302001 ROCK REVETMENTS General EA 20 
41562 H302002 GRANULAR FILL REVETMENTS General EA 20 
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41563 
H302003 COMBINED ROCK AND GRANULAR FILL 
REVETMENTS General EA 20 
41564 H402001 OCEAN DISPOSAL General EA 20 
41565 H402002 NEW CONFINED DISPOSAL FACILITIES General EA 20 
41566 H402003 EXISTING CONFINED DISPOSAL FACILITIES General EA 20 
41567 H501001 POTABLE WATER General EA 20 
41568 H501002 SALTWATER General EA 20 
41569 H501003 SANITARY SEWER General EA 20 
41570 H501004 BILGE AND OILY WASTE General EA 20 
41571 H501005 COMPRESSED AIR General EA 20 
41572 H501006 STEAM General EA 20 
41573 H501007 OTHER CIVIL/MECHANICAL UTILITIES General EA 20 
41574 H501008 PIPE GUARDRAILS General EA 20 
41575 H502001 POWER DISTRIBUTION SYSTEM General EA 20 
41576 H502002 TELECOMMUNICATION SYSTEM General EA 20 
41577 H502003 LIGHTING SYSTEMS General EA 20 
41578 H502004 LIGHTNING PROTECTION SYSTEM General EA 20 
41579 H502005 POWER BOOMS General EA 20 
41580 H502006 OTHER ELECTRICAL UTILITIES General EA 20 
41581 
H503001 FIRE PROTECTION WATER DISTRIBUTION 
SYSTEM General EA 20 
41582 H503002 FIRE ALARM General EA 20 
42000 A101001 WALL FOUNDATIONS Other LF 100 
42001 A101002 COLUMN FOUNDATIONS & PILE CAPS Other EA 100 
42002 A101003 DEWATERING Other SF 100 
42004 A102001 PILE FOUNDATIONS Other SF 100 
42005 A102002 CAISSONS Other SF 100 
42006 A102003 UNDERPINNING Other LF 100 
42007 A102004 DEWATERING Other SF 100 
42008 A102005 RAFT FOUNDATIONS Other SF 100 
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42009 A102006 PRESSURE INJECTED GROUTING Other SF 100 
42011 A103001 STANDARD SLAB ON GRADE Other SF 100 
42012 A103002 STRUCTURAL SLAB ON GRADE Other SF 100 
42013 A103003 TRENCHES Other LF 100 
42014 A103004 PITS AND BASES Other EA 100 
42015 A103005 FOUNDATION DRAINAGE Other LF 100 
42017 A201001 EXCAVATION FOR BASEMENTS Other SY 100 
42018 A201002 STRUCTURE BACKFILL & COMPACTION Other SY 100 
42019 A201003 SHORING Other SF 100 
42020 A201090 OTHER BASEMENT EXCAVATION Other EA 100 
42022 A202002 MOISTURE PROTECTION Other SF 100 
42023 A202003 BASEMENT WALL INSULATION Other SF 100 
42024 A202090 OTHER BASEMENT WALLS Other SF 100 
42025 B101001 STRUCTURAL FRAME Other SF 100 
42026 B101002 STRUCTURAL INTERIOR WALLS Other SF 100 
42027 B101003 FLOOR DECKS AND SLABS Other SF 100 
42028 B101004 INCLINED AND STEPPED FLOORS Other SF 100 
42029 B101005 BALCONY CONSTRUCTION Other SF 100 
42030 B101006 RAMPS Other SF 100 
42031 B101007 FLOOR RACEWAY SYSTEMS Other SF 100 
42033 B102001 STRUCTURAL FRAME Other SF 100 
42034 B102002 STRUCTURAL INTERIOR WALLS Other SF 100 
42035 B102003 ROOF DECKS AND SLABS Other SF 100 
42036 B102004 CANOPIES Other SF 20 
42038 B201001 EXTERIOR CLOSURE Other SF 30 
42039 B201002 EXTERIOR WALL BACKUP CONSTRUCTION Other SF 20 
42040 B201003 INSULATION & VAPOR RETARDER Other SF 20 
42041 B201004 PARAPETS Other LF 20 
42042 B201005 EXTERIOR LOUVERS & SCREENS Other SF 20 
42043 B201006 BALCONY WALLS & HANDRAILS Other LF 15 
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42044 B201007 EXTERIOR SOFFITS Other SF 20 
42045 B201008 FLASHING Other SF 20 
42046 B201009 EXTERIOR PAINTING AND SPECIAL COATINGS Other SF 20 
42047 B201010 EXTERIOR JOINT SEALANT Other LF 20 
42048 B201011 SUN CONTROL DEVICES Other SF 20 
42049 B201012 SCREEN WALLS Other LF 20 
42051 B202001 WINDOWS Other SF 50 
42052 B202002 STOREFRONTS Other SF 20 
42053 B202003 CURTAIN WALLS Other SF 75 
42055 B203001 SOLID DOORS Other EA 20 
42056 B203002 GLAZED DOORS Other EA 40 
42057 B203003 REVOLVING DOORS Other EA 20 
42058 B203004 OVERHEAD AND ROLL-UP DOORS Other SF 20 
42059 B203005 HANGAR DOORS Other SF 35 
42060 B203006 BLAST RESISTANT DOORS Other SF 20 
42061 B203007 GATES Other SF 20 
42062 B203008 EXTERIOR DOOR HARDWARE Other EA 20 
42063 B203090 OTHER EXTERIOR SPECIALTY DOORS Other EA 20 
42065 B301001 STEEP SLOPE ROOF SYSTEMS Other SF 20 
42066 B301002 LOW SLOPE ROOF SYSTEMS Other SF 20 
42067 B301003 ROOF INSULATION & FILL Other SF 20 
42068 B301004 FLASHINGS & TRIM Other SF 25 
42073 C101002 DEMOUNTABLE PARTITIONS Other SF 20 
42074 C101003 RETRACTABLE PARTITIONS Other SF 20 
42075 C101004 INTERIOR GUARDRAILS & SCREENS Other LF 20 
42076 C101005 INTERIOR WINDOWS Other SF 20 
42077 C101006 GLAZED PARTITIONS & STOREFRONTS Other SF 20 
42078 C101007 INTERIOR GLAZING Other SF 20 
42079 C101008 INTERIOR JOINT SEALANT Other LF 20 
42080 C101090 OTHER PARTITIONS Other SF 20 
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42081 C102001 STANDARD INTERIOR DOORS Other EA 40 
42082 C102002 GLAZED INTERIOR DOORS Other EA 20 
42083 C102003 FIRE DOORS Other EA 40 
42084 C102004 SLIDING & FOLDING DOORS Other SF 30 
42085 C102005 INTERIOR OVERHEAD DOORS Other SF 16 
42086 C102006 INTERIOR GATES Other SF 20 
42087 C102007 INTERIOR DOOR HARDWARE Other EA 20 
42088 C102090 OTHER INTERIOR SPECIALTY DOORS Other EA 24 
42090 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Other EA 20 
42091 C103002 TOILET & BATH ACCESSORIES Other EA 20 
42092 C103003 MARKER BOARDS & TACK BOARDS Other EA 20 
42093 C103004 IDENTIFYING DEVICES Other EA 20 
42094 C103005 LOCKERS Other EA 30 
42095 C103006 SHELVING Other LF 50 
42096 C103007 FIRE EXTINGUISHER CABINETS Other EA 20 
42097 C103008 COUNTERS Other LF 30 
42098 C103009 CABINETS Other LF 20 
42099 C103010 CASEWORK Other LF 20 
42100 C103011 CLOSETS Other LF 20 
42101 C103012 FIRESTOPPING PENETRATIONS Other EA 20 
42102 C103013 SPRAYED FIRE-RESISTIVE MATERIALS Other SF 20 
42103 C103014 ENTRANCE FLOOR GRILLES AND MATS Other SF 28 
42104 C103015 ORNAMENTAL METALWORK Other EA 20 
42107 C201002 FIRE ESCAPE STAIRS Other FLT 20 
42108 
C201090 STAIR HANDRAILS, GUARDRAILS AND 
ACCESSORIES Other LF 20 
42109 C301001 CONCRETE WALL FINISHES Other SF 20 
42110 C301002 PLASTER WALL FINISHES Other SF 125 
42111 C301003 GYPSUM WALLBOARD FINISHES Other SF 125 
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42112 C301004 TILE & TERRAZZO WALL FINISHES Other SF 75 
42113 C301005 WALL COVERINGS Other SF 10 
42114 C301006 ACOUSTICAL PANELS ADHERED TO WALLS Other SF 90 
42116 C302001 TILE FLOOR FINISHES Other SF 75 
42117 C302002 TERRAZZO FLOOR FINISHES Other SF 75 
42118 C302003 WOOD FLOORING Other SF 40 
42119 C302004 RESILIENT FLOOR FINISHES Other SF 18 
42120 C302005 CARPETING Other SF 7 
42121 C302006 MASONRY & STONE FLOORING Other SF 50 
42122 C302007 WALL BASE FINISHES Other LF 20 
42123 C302008 STAIR FINISHES Other SF 20 
42124 
C302009 FLOOR TOPPINGS AND TRAFFIC 
MEMBRANES Other SF 20 
42125 C302010 HARDENERS AND SEALERS Other SF 40 
42126 C302011 RAISED ACCESS FLOORING Other SF 30 
42128 C303001 ACOUSTICAL CEILING TILES & PANELS Other SF 70 
42129 C303002 GYPSUM WALLBOARD CEILING FINISHES Other SF 125 
42130 C303003 PLASTER CEILING FINISHES Other SF 125 
42131 C303004 WOOD CEILINGS Other SF 60 
42132 C303005 SUSPENSION SYSTEMS Other SF 20 
42133 C303006 METAL STRIP CEILINGS Other SF 40 
42135 C304001 GENERAL REQUIREMENTS Other SF 20 
42136 C304002 CONCRETE FINISHES Other SF 20 
42137 C304003 CONCRETE MASONRY FINISHES Other SF 20 
42138 C304004 METAL FINISHES Other SF 20 
42139 C304005 INTERIOR WOOD FINISHES Other SF 20 
42140 C304006 GYPSUM WALLBOARD FINISHES Other SF 20 
42141 C304007 SPECIAL COATINGS ON WALLS Other SF 20 
42142 D101001 GENERAL CONSTRUCTION ITEMS Other EA 20 
42143 D101002 PASSENGER ELEVATORS Other STP 25 
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42144 D101003 FREIGHT ELEVATORS Other STP 25 
42145 D101004 WHEELCHAIR LIFT Other EA 20 
42146 D101005 DUMBWAITERS Other STP 35 
42148 
D102001 BASIC REQUIREMENTS OF CRANES AND 
MONORAILS Other EA 20 
42149 D102002 OVERHEAD CRANES Other EA 20 
42150 D102003 MONORAILS Other EA 20 
42151 D103001 ESCALATORS Other LF 40 
42152 D103002 MOVING WALKS Other LF 40 
42154 D109001 PNEUMATIC TUBE SYSTEMS Other EA 35 
42155 D109002 CONVEYORS Other EA 35 
42156 D109003 LINEN, TRASH, AND MAIL CHUTES Other LF 20 
42158 D109004 TURNTABLES Other EA 20 
42159 D109005 OPERABLE SCAFFOLDING Other SF 20 
42161 D109006 TRANSPORTATION SYSTEMS Other EA 20 
42163 D201001 WATERCLOSETS Other EA 25 
42164 D201002 URINALS Other EA 25 
42165 D201003 LAVATORIES Other EA 25 
42166 D201004 SINKS Other EA 25 
42167 D201005 SHOWERS/TUBS Other EA 25 
42168 D201006 DRINKING FOUNTAINS AND COOLERS Other EA 10 
42169 D201007 BIDETS Other EA 25 
42171 D202001 PIPES & FITTINGS Other EA 50 
42172 D202002 VALVES & HYDRANTS Other EA 25 
42173 D202003 DOMESTIC WATER EQUIPMENT Other EA 25 
42174 D202004 INSULATION & IDENTIFICATION Other EA 25 
42175 D202005 SPECIALTIES Other EA 25 
42177 D203001 WASTE PIPE & FITTINGS Other EA 50 
42178 D203002 VENT PIPE & FITTINGS Other EA 25 
42179 D203003 FLOOR DRAINS Other EA 25 
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42180 D203004 SANITARY AND VENT EQUIPMENT Other EA 25 
42181 D203005 INSULATION & IDENTIFICATION Other EA 25 
42183 D204001 PIPE & FITTINGS Other LF 25 
42184 D204002 ROOF DRAINS Other EA 25 
42185 D204003 RAINWATER DRAINAGE EQUIPMENT Other EA 25 
42186 D204004 INSULATION & IDENTIFICATION Other LF 25 
42188 D209001 SPECIAL PIPING SYSTEMS Other EA 15 
42189 D209002 ACID WASTE SYSTEMS Other EA 25 
42190 D209003 INTERCEPTORS Other EA 25 
42191 D209004 POOL PIPING AND EQUIPMENT Other EA 25 
42192 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) Other EA 25 
42194 D301001 OIL SUPPLY SYSTEM Other MBH 20 
42195 D301002 GAS SUPPLY SYSTEM Other MBH 50 
42196 
D301003 STEAM SUPPLY SYSTEM (FROM CENTRAL 
PLANT) Other MBH 20 
42197 
D301004 HOT WATER SUPPLY SYSTEM (FROM 
CENTRAL PLANT) Other MBH 20 
42198 D301005 SOLAR ENERGY SYSTEMS Other EA 25 
42199 D301006 WIND ENERGY SUPPLY SYSTEM Other EA 20 
42200 D301007 COAL SUPPLY SYSTEM Other MBH 20 
42202 D302001 BOILERS Other MBH 30 
42203 D302002 FURNACES Other MBH 15 
42204 D302003 FUEL-FIRED UNIT HEATERS Other MBH 25 
42205 D302004 AUXILIARY EQUIPMENT Other MBH 20 
42206 D302005 EQUIPMENT THERMAL INSULATION Other SF 20 
42208 D303001 CHILLED WATER SYSTEMS Other TON 20 
42209 D303002 DIRECT EXPANSION SYSTEMS Other TON 20 
42211 D304001 AIR DISTRIBUTION, HEATING & COOLING Other EA 20 
42212 D304002 STEAM DISTRIBUTION SYSTEMS Other MBH 30 
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42213 D304003 HOT WATER DISTRIBUTION SYSTEMS Other MBH 20 
42214 D304004 CHANGE OVER DISTRIBUTION SYSTEMS Other MBH 20 
42215 D304005 GLYCOL DISTRIBUTION SYSTEMS Other MBH 30 
42216 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Other TON 20 
42217 D304007 EXHAUST SYSTEMS Other EA 25 
42218 D304008 AIR HANDLING UNITS Other EA 15 
42220 D305001 UNIT VENTILATORS Other EA 20 
42221 D305002 UNIT HEATERS Other EA 25 
42222 D305003 FAN COIL UNITS Other EA 15 
42223 D305004 FIN TUBE RADIATION Other EA 30 
42224 D305005 ELECTRIC HEATING Other EA 25 
42225 D305006 PACKAGE UNITS Other EA 20 
42227 D306001 HVAC CONTROLS Other EA 20 
42228 D306002 ELECTRONIC CONTROLS Other EA 10 
42229 D306003 PNEUMATIC CONTROLS Other EA 10 
42230 D306004 INSTRUMENT AIR COMPRESSORS Other EA 25 
42231 D306005 GAS PURGING SYSTEMS Other EA 20 
42233 
D307001 WATER SIDE TESTING & BALANCING - 
HEATING & COOLING Other EA 20 
42234 
D307002 AIR SIDE TESTING & BALANCING - HEATING, 
COOLING & EXHAUST  Other EA 20 
42235 D307003 HVAC COMMISSIONING Other EA 20 
42236 D307090 OTHER SYSTEMS TESTING & BALANCING Other EA 20 
42237 D309001 GENERAL CONSTRUCTION ITEMS Other SF 20 
42238 D309002 REFRIGERATION SYSTEMS Other TON 20 
42240 D401001 FIRE ALARM DISTRIBUTION Other SF 20 
42241 D401002 FIRE ALARM DEVICES Other EA 20 
42242 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Other LF 20 
42243 D402002 FIRE PUMP Other EA 20 
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42245 D404001 SPRINKLERS AND RELEASING DEVICES Other EA 50 
42247 D405001 PORTABLE EXTINGUISHERS Other EA 20 
42248 D409001 CARBON DIOXIDE SYSTEMS Other EA 25 
42249 D409002 FOAM GENERATING EQUIPMENT Other EA 20 
42250 D409003 CLEAN AGENT SYSTEMS Other EA 20 
42251 D409004 HOOD & DUCT FIRE PROTECTION Other EA 25 
42253 D501001 MAIN TRANSFORMERS Other KVA 50 
42254 D501002 SERVICE ENTRANCE EQUIPMENT Other AMP 35 
42255 D501003 INTERIOR DISTRIBUTION TRANSFORMERS Other KVA 50 
42256 D501004 PANELBOARDS Other AMP 40 
42257 D501005 ENCLOSED CIRCUIT BREAKERS Other AMP 50 
42258 D501006 MOTOR CONTROL CENTERS Other AMP 40 
42260 D502001 BRANCH WIRING Other SF 60 
42261 D502002 LIGHTING EQUIPMENT Other SF 20 
42263 D503001 TELECOMMUNICATIONS SYSTEMS Other EA 20 
42264 D503002 PUBLIC ADDRESS SYSTEMS Other SF 20 
42265 D503003 INTERCOMMUNICATIONS SYSTEMS Other EA 15 
42266 D503004 TELEVISION SYSTEMS Other EA 20 
42267 D503005 SECURITY SYSTEMS Other EA 20 
42268 D503006 NURSE CALL SYSTEMS Other EA 20 
42269 D503007 CLOCK & PROGRAM SYSTEMS Other EA 20 
42271 
D509001 GENERAL CONSTRUCTION ITEMS 
(ELECTRICAL) Other SF 20 
42272 D509002 EMERGENCY LIGHTING & POWER Other SF 20 
42273 D509003 GROUNDING SYSTEMS Other SF 50 
42274 D509004 LIGHTNING PROTECTION Other SF 50 
42275 D509005 ELECTRIC HEATING Other SF 20 
42276 D509006 ENERGY MANAGEMENT CONTROL SYSTEM Other SF 20 
42278 E101001 CHECKROOM EQUIPMENT Other EA 20 
42279 E101002 REGISTRATION EQUIPMENT Other EA 20 
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42280 E101003 VENDING EQUIPMENT Other EA 20 
42281 E101004 LAUNDRY EQUIPMENT Other EA 20 
42282 E101005 SECURITY & VAULT EQUIPMENT Other EA 50 
42283 E101006 TELLER AND SERVICE EQUIPMENT Other EA 20 
42284 E101007 MERCANTILE EQUIPMENT Other EA 20 
42285 E101008 OFFICE EQUIPMENT Other EA 20 
42286 
E102001 MISCELLANEOUS COMMON FIXED & 
MOVEABLE EQUIPMENT Other EA 30 
42287 E102002 MEDICAL EQUIPMENT Other EA 20 
42288 E102003 LABORATORY EQUIPMENT Other EA 20 
42289 E102004 MORTUARY EQUIPMENT Other EA 20 
42290 E102005 AUDITORIUM & STAGE EQUIPMENT Other EA 20 
42291 E102006 LIBRARY EQUIPMENT Other EA 20 
42292 E102007 ECCLESIASTICAL EQUIPMENT Other EA 20 
42293 E102008 INSTRUMENTAL EQUIPMENT Other EA 20 
42294 E102009 AUDIO-VISUAL EQUIPMENT Other EA 20 
42295 E102010 DETENTION EQUIPMENT Other EA 20 
42296 E103001 PARKING CONTROL EQUIPMENT Other EA 20 
42298 E103003 WAREHOUSE EQUIPMENT Other EA 20 
42299 E103004 AUTOMOTIVE SHOP EQUIPMENT Other EA 20 
42300 E109001 BUILT-IN MAINTENANCE EQUIPMENT Other SF 20 
42301 E109002 FOOD SERVICE EQUIPMENT Other EA 20 
42302 E109003 WASTE HANDLING EQUIPMENT Other EA 20 
42303 E109004 RESIDENTIAL EQUIPMENT Other EA 20 
42304 E109005 UNIT KITCHENS Other EA 20 
42305 E109006 DARKROOM EQUIPMENT Other EA 20 
42306 
E109007 ATHLETIC, RECREATIONAL, & THERAPEUTIC 
EQUIPMENT Other EA 20 
42307 E109008 PLANETARIUM EQUIPMENT Other EA 20 
42308 E109009 OBSERVATORY EQUIPMENT Other EA 20 
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42309 E109010 AGRICULTURAL EQUIPMENT Other EA 20 
42310 
E109090 OTHER SPECIALIZED FIXED AND MOVEABLE 
EQUIPMENT Other EA 20 
42311 E201001 FIXED ARTWORK Other EA 20 
42312 E201002 WINDOW TREATMENTS Other SF 20 
42313 E201003 SEATING (FIXED) Other EA 30 
42314 E201004 FIXED INTERIOR LANDSCAPING Other EA 20 
42315 E201090 OTHER FIXED INTERIOR FURNISHINGS Other EA 20 
42316 E202001 MOVEABLE ART WORK Other EA 20 
42317 E202002 MODULAR PREFABRICATED FURNITURE Other SF 20 
42318 E202003 FREESTANDING FURNITURE Other EA 20 
42319 E202004 RUGS & ACCESSORIES Other EA 20 
42320 E202005 MOVEABLE MULTIPLE SEATING Other EA 20 
42321 E202006 MOVEABLE INTERIOR LANDSCAPING Other EA 20 
42322 E202090 OTHER MOVEABLE FURNISHINGS Other EA 20 
42323 F101001 METAL BUILDING SYSTEMS Other SF 20 
42324 F101002 EXTERIOR UTILITY BUILDINGS Other SF 20 
42325 F101003 AIR-SUPPORTED STRUCTURES Other SF 20 
42326 F101090 OTHER SPECIAL CONSTRUCTION Other EA 20 
42327 F102001 SPECIAL PURPOSE ROOMS Other SF 20 
42328 F102002 INTEGRATED ASSEMBLIES Other SF 24 
42329 F102090 OTHER INTEGRATED CONSTRUCTION Other SF 20 
42330 F103001 VAULTS Other SF 20 
42331 
F103002 SOUND, VIBRATION, AND SEISMIC 
CONSTRUCTION Other SF 20 
42332 F103003 RADIATION PROTECTION Other SF 20 
42333 F103090 OTHER SPECIAL CONSTRUCTION SYSTEMS Other SF 20 
42334 F104001 INTERIOR SWIMMING POOLS Other SF 20 
42335 F104002 LIQUID AND GAS STORAGE TANKS Other EA 20 
42336 F104003 KENNELS AND ANIMAL SHELTERS Other SF 20 
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42337 F104004 SITE CONSTRUCTED INCINERATORS Other EA 20 
42338 F104005 ICE RINKS Other SF 20 
42339 F104090 OTHER SPECIAL FACILITIES Other EA 20 
42340 F105001 RECORDING INSTRUMENTATION Other EA 20 
42341 F105002 BUILDING AUTOMATION SYSTEMS Other EA 20 
42342 
F105090 OTHER SPECIAL CONTROLS AND 
INSTRUMENTATION Other EA 20 
42343 F201001 SUBSTRUCTURE & SUPERSTRUCTURE Other EA 20 
42344 F201002 EXTERIOR CLOSURE Other EA 20 
42345 F201003 ROOFING Other EA 20 
42346 F201004 INTERIOR CONSTRUCTION & FINISHES Other EA 20 
42347 F201005 CONVEYING SYSTEMS Other EA 20 
42348 F201006 MECHANICAL SYSTEMS Other EA 20 
42349 F201007 ELECTRICAL SYSTEMS Other EA 20 
42350 F201008 EQUIPMENT & FURNISHINGS Other EA 20 
42351 
F201090 OTHER NON-HAZARDOUS SELECTIVE 
BUILDING DEMOLITION Other EA 20 
42352 F202001 SUBSTRUCTURE & SUPERSTRUCTURE Other EA 20 
42353 F202002 EXTERIOR CLOSURE Other EA 20 
42354 F202003 ROOFING Other EA 20 
42355 F202004 INTERIOR CONSTRUCTION & FINISHES Other EA 20 
42356 F202005 CONVEYING SYSTEMS Other EA 20 
42357 F202006 MECHANICAL SYSTEMS Other EA 20 
42358 F202007 ELECTRICAL SYSTEMS Other EA 20 
42359 F202008 EQUIPMENT & FURNISHINGS Other EA 20 
42360 
F202090 OTHER HAZARDOUS SELECTIVE BUILDING 
DEMOLITION Other EA 20 
42361 G101001 CLEARING Other EA 20 
42362 G101002 TREE REMOVAL Other EA 20 
42363 G101003 STUMP REMOVAL Other EA 20 
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42364 G101004 GRUBBING Other EA 20 
42365 G101005 SELECTIVE THINNING Other EA 20 
42366 G101006 DEBRIS DISPOSAL Other SY 20 
42367 G101090 OTHER SITE CLEARING Other EA 20 
42368 G102001 BUILDING MASS DEMOLITION Other EA 20 
42369 G102002 ABOVE GROUND SITE DEMOLITION Other SY 20 
42370 G102003 UNDERGROUND SITE DEMOLITION Other SY 20 
42371 G102004 BUILDING RELOCATION Other SF 20 
42372 G102005 UTILITY RELOCATION Other LF 20 
42373 G102006 FENCING RELOCATION Other LF 20 
42374 G102007 SITE CLEANUP Other SY 20 
42375 G102090 OTHER SITE DEMOLITION & RELOCATIONS Other EA 20 
42376 G103001 GRADING Other SY 20 
42377 G103002 COMMON EXCAVATION Other SY 20 
42378 G103003 ROCK EXCAVATION Other SY 20 
42379 G103004 FILL & BORROW Other SY 20 
42380 G103005 COMPACTION Other SY 20 
42381 G103006 SOIL STABILIZATION Other SY 20 
42382 G103007 SLOPE STABILIZATION Other SY 20 
42383 G103008 SOIL TREATMENT Other SY 20 
42384 G103009 SHORING Other SF 20 
42385 G103010 TEMPORARY DEWATERING Other SY 20 
42386 
G103011 TEMPORARY EROSION & SEDIMENT 
CONTROL Other SF 20 
42387 G103090 OTHER SITE EARTHWORK Other EA 20 
42388 G104001 REMOVAL OF CONTAMINATED SOIL Other SY 20 
42389 G104002 SOIL RESTORATION AND TREATMENT Other SY 20 
42390 G104090 OTHER HAZARDOUS WASTE REMEDIATION Other EA 20 
42391 G201001 BASES & SUBBASES Other SY 20 
42392 G201002 CURBS & GUTTERS Other LF 20 
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42393 G201003 PAVED SURFACES Other SY 20 
42394 G201004 MARKING & SIGNAGE Other SY 20 
42395 G201005 GUARDRAILS & BARRIERS Other LF 20 
42396 G201006 RESURFACING Other SY 20 
42397 G201090 OTHER ROADWAYS Other EA 20 
42398 G202001 BASES & SUBBASES Other SY 20 
42399 G202002 CURBS & GUTTERS Other LF 20 
42400 G202003 PAVED SURFACES Other SY 20 
42401 G202004 MARKING & SIGNAGE Other EA 20 
42402 G202005 GUARDRAILS & BARRIERS Other LF 20 
42403 G202006 RESURFACING Other SY 20 
42404 
G202007 MISCELLANEOUS STRUCTURES AND 
EQUIPMENT Other EA 20 
42405 G202090 OTHER PARKING LOTS Other EA 20 
42406 G203001 BASES & SUBBASES Other SY 20 
42407 G203002 CURBS & GUTTERS Other LF 20 
42408 G203003 PAVED SURFACES Other SY 10 
42409 G203004 GUARDRAILS & BARRIERS Other LF 20 
42410 G203005 RESURFACING Other SY 20 
42411 G203090 OTHER WALKS, STEPS & TERRACES Other EA 30 
42412 G204001 FENCING & GATES Other LF 25 
42413 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS Other SY 20 
42414 G204003 EXTERIOR FURNISHINGS Other EA 20 
42415 G204004 SECURITY STRUCTURES Other EA 20 
42416 G204005 SIGNAGE Other EA 20 
42417 G204006 FOUNTAINS & POOLS Other EA 20 
42418 G204007 PLAYING FIELDS Other EA 20 
42419 G204008 TERRACE AND PERIMETER WALLS Other SY 20 
42420 G204009 FLAGPOLES Other EA 20 
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42421 G204090 OTHER SITE IMPROVEMENTS Other EA 20 
42422 G205001 FINE GRADING & SOIL PREPARATION Other SY 20 
42423 G205002 EROSION CONTROL MEASURES Other SY 20 
42424 G205003 TOPSOIL & PLANTING BEDS Other SY 20 
42425 G205004 SEEDING, SPRIGGING AND SODDING Other SY 20 
42426 G205005 PLANTINGS Other EA 20 
42427 G205006 PLANTERS Other EA 20 
42428 G205007 IRRIGATION SYSTEMS Other SY 20 
42429 G205090 OTHER LANDSCAPING Other EA 20 
42430 G206001 AIRFIELD PAVING CONSTRUCTION Other SY 20 
42431 G206002 OTHER PAVING Other SY 20 
42432 G206003 JOINTS AND ANCHORAGE Other SY 20 
42433 G206004 NAVIGATION AIDS Other EA 20 
42434 G206005 AIRFIELD MARKINGS Other EA 20 
42435 G301001 WELL SYSTEMS Other EA 20 
42436 G301002 POTABLE WATER DISTRIBUTION Other LF 20 
42437 G301003 POTABLE WATER STORAGE Other EA 20 
42438 G301004 FIRE PROTECTION WATER DISTRIBUTION Other LF 20 
42439 G301005 FIRE PROTECTION WATER STORAGE Other EA 20 
42440 G301006 NON-POTABLE WATER DISTRIBUTION Other LF 20 
42441 G301007 PUMPING STATIONS Other EA 20 
42442 G301008 PACKAGED WATER TREATMENT PLANTS Other EA 20 
42443 G301090 OTHER WATER SUPPLY Other EA 20 
42444 G302001 SANITARY SEWER PIPING Other LF 20 
42445 G302002 SANITARY SEWER MANHOLES & CLEANOUTS Other EA 20 
42446 G302003 LIFT STATIONS AND PUMPING STATIONS Other EA 20 
42447 
G302004 PACKAGED SANITARY SEWER TREATMENT 
PLANTS Other EA 20 
42448 G302005 SEPTIC TANKS Other EA 20 
42449 G302006 DRAIN FIELDS Other LF 20 
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42450 G302090 OTHER SANITARY SEWER Other EA 20 
42451 G303001 STORM SEWER PIPING Other LF 20 
42452 G303002 STORM SEWER STRUCTURES Other EA 20 
42453 G303003 LIFT STATIONS Other EA 20 
42454 G303004 CULVERTS Other LF 20 
42455 G303005 HEADWALLS Other EA 20 
42456 G303006 EROSION & SEDIMENT CONTROL MEASURES Other SY 20 
42457 G303007 STORMWATER MANAGEMENT Other EA 20 
42458 G303090 OTHER STORM SEWER Other EA 20 
42459 G304001 OVERHEAD HOT WATER SYSTEMS Other LF 20 
42460 G304002 OVERHEAD STEAM SYSTEMS Other LF 20 
42461 G304003 UNDERGROUND HOT WATER SYSTEMS Other LF 20 
42462 
G304004 UNDERGROUND STEAM DISTRIBUTION 
SYSTEMS Other LF 20 
42463 
G304005 REINFORCED CONCRETE MANHOLES & 
VALVE BOXES Other EA 20 
42464 G304006 PUMPING STATIONS Other EA 20 
42465 G304090 OTHER HEATING DISTRIBUTION Other EA 20 
42466 G305001 OVERHEAD COOLING SYSTEMS Other LF 20 
42467 G305002 UNDERGROUND COOLING SYSTEMS Other LF 20 
42468 G305003 TRENCHBOXES Other LF 20 
42469 G305004 WELLS FOR COOLING Other EA 20 
42470 G305005 PUMPING STATIONS Other EA 20 
42471 G305006 ON-SITE COOLING TOWERS Other EA 20 
42472 G305090 OTHER COOLING DISTRIBUTION Other EA 20 
42473 G306001 LIQUID FUEL DISTRIBUTION PIPING SYSTEM Other LF 20 
42474 
G306002 AVIATION FUEL DISTRIBUTION PIPING 
SYSTEM Other LF 20 
42475 G306003 LIQUID FUEL STORAGE TANKS Other EA 20 
42476 G306004 LIQUID FUEL DISPENSING EQUIPMENT Other EA 20 
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42477 G306005 LIQUID FUEL SYSTEM TRENCHBOXES Other LF 20 
42478 
G306006 GAS DISTRIBUTION PIPING (NATURAL AND 
PROPANE) Other LF 20 
42479 G306007 GAS STORAGE TANKS Other EA 20 
42480 G306008 GAS SYSTEM TRENCHBOXES Other LF 20 
42481 G306009 OTHER GAS DISTRIBUTION Other EA 20 
42482 G306090 OTHER FUEL DISTRIBUTION Other EA 20 
42483 G309001 INDUSTRIAL WASTE PIPE Other LF 20 
42484 
G309002 INDUSTRIAL WASTE MANHOLES & 
CLEANOUTS Other EA 20 
42485 G309003 INDUSTRIAL WASTE LIFT STATIONS Other EA 20 
42486 
G309004 INDUSTRIAL WASTE HOLDING TANKS & 
SEPARATORS Other EA 20 
42487 G309005 INDUSTRIAL WASTE TRENCHBOXES Other LF 20 
42488 G309090 OTHER INDUSTRIAL WASTE Other EA 20 
42489 G401001 SUBSTATIONS Other KVA 20 
42490 G401002 TRANSFORMERS Other KVA 20 
42491 G401003 SWITCHES, CONTROLS & DEVICES Other EA 20 
42492 G401004 OVERHEAD ELECTRIC CONDUCTORS Other LF 20 
42493 
G401005 TOWERS, POLES, CROSSARMS & 
INSULATORS Other EA 20 
42494 G401006 UNDERGROUND ELECTRIC CONDUCTORS Other LF 20 
42495 
G401007 DUCTBANKS, MANHOLES, HANDHOLES & 
RACEWAYS Other EA 20 
42496 G401008 GROUNDING SYSTEMS Other EA 20 
42497 G401009 METERING Other EA 20 
42498 G401010 CATHODIC PROTECTION Other EA 20 
42499 
G401011 EQUIPMENT REQUIREMENTS FOR COASTAL 
AND HIGH HUMIDITY AREAS Other EA 20 
42500 
G401090 OTHER ELECTRIC TRANSMISSION & 
DISTRIBUTION Other EA 20 
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42501 G402001 EXTERIOR LIGHTING FIXTURES & CONTROLS Other EA 20 
42502 G402002 SPECIAL SECURITY LIGHTING SYSTEMS Other EA 20 
42503 G402003 OTHER AREA LIGHTING Other EA 20 
42504 G402004 LIGHTING POLES Other EA 20 
42505 G402005 UNDERGROUND ELECTRIC CONDUCTORS Other LF 20 
42506 G402006 DUCTBANKS, MANHOLES & HANDHOLES Other EA 20 
42507 G402007 GROUNDING SYSTEMS Other EA 20 
42508 G403001 TELECOMMUNICATIONS SYSTEMS Other LF 20 
42509 G403002 CABLE TV SYSTEMS (CATV) Other LF 20 
42510 G403003 CABLES & WIRING Other LF 20 
42511 G403004 DUCTBANKS, MANHOLES & HANDHOLES Other EA 20 
42512 G403005 TOWERS, POLES & STANDS Other EA 20 
42513 G403006 TV CAMERAS & MONITORS Other EA 20 
42514 G403007 ELECTRONIC SECURITY SYSTEMS (ESS) Other EA 20 
42515 G403008 OTHER COMMUNICATION & ALARM Other EA 20 
42516 G403009 GROUNDING SYSTEMS Other EA 20 
42517 G403090 OTHER SECURITY SYSTEMS Other EA 20 
42518 
G409001 SACRIFICIAL ANODE CATHODIC PROTECTION 
SYSTEM Other EA 20 
42519 
G409002 INDUCED CURRENT CATHODIC PROTECTION 
SYSTEM Other LF 20 
42520 G409003 EMERGENCY POWER GENERATION Other KVA 20 
42521 G409090 OTHER CATHODIC PROTECTION Other EA 20 
42522 G901001 SERVICE AND PEDESTRIAN TUNNELS Other LF 20 
42523 
G901002 PREFABRICATED SERVICE AND PEDESTRIAN 
TUNNELS Other LF 20 
42524 G909001 BRIDGES Other SY 20 
42525 G909002 RAILROAD SPURS Other LF 20 
42526 G909003 SNOW MELTING SYSTEMS Other EA 20 
42527 G909090 OTHER SPECIAL CONSTRUCTION Other EA 20 
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42528 H101001 PILE FOUNDATIONS Other EA 20 
42529 H101002 PILE CAPS Other EA 20 
42530 H101003 QUAYS Other EA 20 
42531 H101004 RELIEVING PLATFORMS Other EA 20 
42532 H101005 REVETMENTS Other EA 20 
42533 H101006 SEAWALLS Other EA 20 
42534 H101007 BOAT RAMPS Other EA 20 
42535 H101008 CUT-OFF WALLS Other EA 20 
42536 H101009 GUARD POSTS AND RAILING Other EA 20 
42537 H101010 OTHER SUBSTRUCTURE COMPONENTS Other EA 20 
42538 H102001 BEAMS AND GIRDERS Other EA 20 
42539 H102002 COLUMNS Other EA 20 
42540 H102003 UTILITY ENCLOSURES Other EA 20 
42541 H102004 OTHER SUPERSTRUCTURE ELEMENTS Other EA 20 
42542 H103001 DECK Other EA 20 
42543 H103002 ON-GRADE SLAB Other EA 20 
42544 H103003 DECK OVERLAY Other EA 20 
42545 H103004 CURBS AND BULLRAILS Other EA 20 
42546 H103005 MOORING FOUNDATIONS Other EA 20 
42547 H103006 HIGH MAST LIGHTING FOUNDATIONS Other EA 20 
42548 H103007 UTILITY MOUNDS Other EA 20 
42549 H103008 EXPANSION JOINTS Other EA 20 
42550 H103009 GUARD POSTS AND RAILING Other EA 20 
42551 H103010 PAINT STRIPING Other EA 20 
42552 H103011 OTHER DECK COMPONENTS Other EA 20 
42553 H104001 PRIMARY FENDER SYSTEM Other EA 20 
42554 H104002 SECONDARY FENDER SYSTEM Other EA 20 
42555 H104003 CORNER FENDER SYSTEM Other EA 20 
42556 H104004 DOLPHINS Other EA 20 
42557 H104005 MOORING HARDWARE Other EA 20 
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42558 
H104006 OTHER MOORING AND BERTHING 
COMPONENTS Other EA 20 
42559 H301001 WAVE PROTECTION ARMORS Other EA 20 
42560 H301002 BREAKWATERS Other EA 20 
42561 H302001 ROCK REVETMENTS Other EA 20 
42562 H302002 GRANULAR FILL REVETMENTS Other EA 20 
42563 
H302003 COMBINED ROCK AND GRANULAR FILL 
REVETMENTS Other EA 20 
42564 H402001 OCEAN DISPOSAL Other EA 20 
42565 H402002 NEW CONFINED DISPOSAL FACILITIES Other EA 20 
42566 H402003 EXISTING CONFINED DISPOSAL FACILITIES Other EA 20 
42567 H501001 POTABLE WATER Other EA 20 
42568 H501002 SALTWATER Other EA 20 
42569 H501003 SANITARY SEWER Other EA 20 
42570 H501004 BILGE AND OILY WASTE Other EA 20 
42571 H501005 COMPRESSED AIR Other EA 20 
42572 H501006 STEAM Other EA 20 
42573 H501007 OTHER CIVIL/MECHANICAL UTILITIES Other EA 20 
42574 H501008 PIPE GUARDRAILS Other EA 20 
42575 H502001 POWER DISTRIBUTION SYSTEM Other EA 20 
42576 H502002 TELECOMMUNICATION SYSTEM Other EA 20 
42577 H502003 LIGHTING SYSTEMS Other EA 20 
42578 H502004 LIGHTNING PROTECTION SYSTEM Other EA 20 
42579 H502005 POWER BOOMS Other EA 20 
42580 H502006 OTHER ELECTRICAL UTILITIES Other EA 20 
42581 
H503001 FIRE PROTECTION WATER DISTRIBUTION 
SYSTEM Other EA 20 
42582 H503002 FIRE ALARM Other EA 20 
43000 A101001 WALL FOUNDATIONS Unknown LF 100 
43001 A101002 COLUMN FOUNDATIONS & PILE CAPS Unknown EA 100 
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43002 A101003 DEWATERING Unknown SF 100 
43003 A101090 OTHER STANDARD FOUNDATIONS Unknown EA 100 
43004 A102001 PILE FOUNDATIONS Unknown SF 100 
43005 A102002 CAISSONS Unknown SF 100 
43006 A102003 UNDERPINNING Unknown LF 100 
43007 A102004 DEWATERING Unknown SF 100 
43008 A102005 RAFT FOUNDATIONS Unknown SF 100 
43009 A102006 PRESSURE INJECTED GROUTING Unknown SF 100 
43010 A102090 OTHER SPECIAL FOUNDATIONS Unknown EA 100 
43011 A103001 STANDARD SLAB ON GRADE Unknown SF 100 
43012 A103002 STRUCTURAL SLAB ON GRADE Unknown SF 100 
43013 A103003 TRENCHES Unknown LF 100 
43014 A103004 PITS AND BASES Unknown EA 100 
43015 A103005 FOUNDATION DRAINAGE Unknown LF 100 
43016 A103090 OTHER SLAB ON GRADE Unknown SF 100 
43017 A201001 EXCAVATION FOR BASEMENTS Unknown SY 100 
43018 A201002 STRUCTURE BACKFILL & COMPACTION Unknown SY 100 
43019 A201003 SHORING Unknown SF 100 
43020 A201090 OTHER BASEMENT EXCAVATION Unknown EA 100 
43021 A202001 BASEMENT WALL CONSTRUCTION Unknown SF 100 
43022 A202002 MOISTURE PROTECTION Unknown SF 100 
43023 A202003 BASEMENT WALL INSULATION Unknown SF 100 
43024 A202090 OTHER BASEMENT WALLS Unknown SF 100 
43025 B101001 STRUCTURAL FRAME Unknown SF 100 
43026 B101002 STRUCTURAL INTERIOR WALLS Unknown SF 100 
43027 B101003 FLOOR DECKS AND SLABS Unknown SF 100 
43028 B101004 INCLINED AND STEPPED FLOORS Unknown SF 100 
43029 B101005 BALCONY CONSTRUCTION Unknown SF 100 
43030 B101006 RAMPS Unknown SF 100 
43031 B101007 FLOOR RACEWAY SYSTEMS Unknown SF 100 
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43032 B101090 OTHER FLOOR CONSTRUCTION Unknown SF 100 
43033 B102001 STRUCTURAL FRAME Unknown SF 100 
43034 B102002 STRUCTURAL INTERIOR WALLS Unknown SF 100 
43035 B102003 ROOF DECKS AND SLABS Unknown SF 100 
43036 B102004 CANOPIES Unknown SF 20 
43037 B102090 OTHER ROOF CONSTRUCTION Unknown SF 60 
43038 B201001 EXTERIOR CLOSURE Unknown SF 30 
43039 B201002 EXTERIOR WALL BACKUP CONSTRUCTION Unknown SF 20 
43040 B201003 INSULATION & VAPOR RETARDER Unknown SF 20 
43041 B201004 PARAPETS Unknown LF 20 
43042 B201005 EXTERIOR LOUVERS & SCREENS Unknown SF 20 
43043 B201006 BALCONY WALLS & HANDRAILS Unknown LF 15 
43044 B201007 EXTERIOR SOFFITS Unknown SF 20 
43045 B201008 FLASHING Unknown SF 20 
43046 B201009 EXTERIOR PAINTING AND SPECIAL COATINGS Unknown SF 20 
43047 B201010 EXTERIOR JOINT SEALANT Unknown LF 20 
43048 B201011 SUN CONTROL DEVICES Unknown SF 20 
43049 B201012 SCREEN WALLS Unknown LF 20 
43050 B201090 OTHER EXTERIOR WALLS Unknown SF 40 
43051 B202001 WINDOWS Unknown SF 50 
43052 B202002 STOREFRONTS Unknown SF 20 
43053 B202003 CURTAIN WALLS Unknown SF 75 
43054 B202090 OTHER EXTERIOR WINDOWS Unknown EA 65 
43055 B203001 SOLID DOORS Unknown EA 20 
43056 B203002 GLAZED DOORS Unknown EA 40 
43057 B203003 REVOLVING DOORS Unknown EA 20 
43058 B203004 OVERHEAD AND ROLL-UP DOORS Unknown SF 20 
43059 B203005 HANGAR DOORS Unknown SF 35 
43060 B203006 BLAST RESISTANT DOORS Unknown SF 20 
43061 B203007 GATES Unknown SF 20 
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43062 B203008 EXTERIOR DOOR HARDWARE Unknown EA 20 
43063 B203090 OTHER EXTERIOR SPECIALTY DOORS Unknown EA 20 
43064 B203091 OTHER EXTERIOR PERSONNEL DOORS Unknown EA 30 
43065 B301001 STEEP SLOPE ROOF SYSTEMS Unknown SF 20 
43066 B301002 LOW SLOPE ROOF SYSTEMS Unknown SF 20 
43067 B301003 ROOF INSULATION & FILL Unknown SF 20 
43068 B301004 FLASHINGS & TRIM Unknown SF 25 
43069 B301005 GUTTERS & DOWNSPOUTS Unknown LF 20 
43070 B301006 ROOF OPENINGS AND SUPPORTS Unknown SF 75 
43071 B301090 OTHER ROOFING Unknown SF 10 
43072 C101001 FIXED PARTITIONS Unknown SF 50 
43073 C101002 DEMOUNTABLE PARTITIONS Unknown SF 20 
43074 C101003 RETRACTABLE PARTITIONS Unknown SF 20 
43075 C101004 INTERIOR GUARDRAILS & SCREENS Unknown LF 20 
43076 C101005 INTERIOR WINDOWS Unknown SF 20 
43077 C101006 GLAZED PARTITIONS & STOREFRONTS Unknown SF 20 
43078 C101007 INTERIOR GLAZING Unknown SF 20 
43079 C101008 INTERIOR JOINT SEALANT Unknown LF 20 
43080 C101090 OTHER PARTITIONS Unknown SF 20 
43081 C102001 STANDARD INTERIOR DOORS Unknown EA 40 
43082 C102002 GLAZED INTERIOR DOORS Unknown EA 20 
43083 C102003 FIRE DOORS Unknown EA 40 
43084 C102004 SLIDING & FOLDING DOORS Unknown SF 30 
43085 C102005 INTERIOR OVERHEAD DOORS Unknown SF 16 
43086 C102006 INTERIOR GATES Unknown SF 20 
43087 C102007 INTERIOR DOOR HARDWARE Unknown EA 20 
43088 C102090 OTHER INTERIOR SPECIALTY DOORS Unknown EA 24 
43089 C102091 OTHER INTERIOR PERSONNEL DOORS Unknown EA 40 
43090 
C103001 COMPARTMENTS, CUBICLES & TOILET 
PARTITIONS Unknown EA 20 
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43091 C103002 TOILET & BATH ACCESSORIES Unknown EA 20 
43092 C103003 MARKER BOARDS & TACK BOARDS Unknown EA 20 
43093 C103004 IDENTIFYING DEVICES Unknown EA 20 
43094 C103005 LOCKERS Unknown EA 30 
43095 C103006 SHELVING Unknown LF 50 
43096 C103007 FIRE EXTINGUISHER CABINETS Unknown EA 20 
43097 C103008 COUNTERS Unknown LF 30 
43098 C103009 CABINETS Unknown LF 20 
43099 C103010 CASEWORK Unknown LF 20 
43100 C103011 CLOSETS Unknown LF 20 
43101 C103012 FIRESTOPPING PENETRATIONS Unknown EA 20 
43102 C103013 SPRAYED FIRE-RESISTIVE MATERIALS Unknown SF 20 
43103 C103014 ENTRANCE FLOOR GRILLES AND MATS Unknown SF 28 
43104 C103015 ORNAMENTAL METALWORK Unknown EA 20 
43105 C103090 OTHER INTERIOR SPECIALTIES Unknown EA 15 
43106 C201001 INTERIOR AND EXTERIOR STAIRS Unknown FLT 65 
43107 C201002 FIRE ESCAPE STAIRS Unknown FLT 20 
43108 
C201090 STAIR HANDRAILS, GUARDRAILS AND 
ACCESSORIES Unknown LF 20 
43109 C301001 CONCRETE WALL FINISHES Unknown SF 20 
43110 C301002 PLASTER WALL FINISHES Unknown SF 125 
43111 C301003 GYPSUM WALLBOARD FINISHES Unknown SF 125 
43112 C301004 TILE & TERRAZZO WALL FINISHES Unknown SF 75 
43113 C301005 WALL COVERINGS Unknown SF 10 
43114 C301006 ACOUSTICAL PANELS ADHERED TO WALLS Unknown SF 90 
43115 C301090 OTHER WALL FINISHES Unknown SF 14 
43116 C302001 TILE FLOOR FINISHES Unknown SF 75 
43117 C302002 TERRAZZO FLOOR FINISHES Unknown SF 75 
43118 C302003 WOOD FLOORING Unknown SF 40 
43119 C302004 RESILIENT FLOOR FINISHES Unknown SF 18 
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43120 C302005 CARPETING Unknown SF 7 
43121 C302006 MASONRY & STONE FLOORING Unknown SF 50 
43122 C302007 WALL BASE FINISHES Unknown LF 20 
43123 C302008 STAIR FINISHES Unknown SF 20 
43124 
C302009 FLOOR TOPPINGS AND TRAFFIC 
MEMBRANES Unknown SF 20 
43125 C302010 HARDENERS AND SEALERS Unknown SF 40 
43126 C302011 RAISED ACCESS FLOORING Unknown SF 30 
43127 C302090 OTHER FLOORING & FLOOR FINISHES Unknown SF 50 
43128 C303001 ACOUSTICAL CEILING TILES & PANELS Unknown SF 70 
43129 C303002 GYPSUM WALLBOARD CEILING FINISHES Unknown SF 125 
43130 C303003 PLASTER CEILING FINISHES Unknown SF 125 
43131 C303004 WOOD CEILINGS Unknown SF 60 
43132 C303005 SUSPENSION SYSTEMS Unknown SF 20 
43133 C303006 METAL STRIP CEILINGS Unknown SF 40 
43134 C303090 OTHER CEILING & CEILING FINISHES Unknown SF 40 
43135 C304001 GENERAL REQUIREMENTS Unknown SF 20 
43136 C304002 CONCRETE FINISHES Unknown SF 20 
43137 C304003 CONCRETE MASONRY FINISHES Unknown SF 20 
43138 C304004 METAL FINISHES Unknown SF 20 
43139 C304005 INTERIOR WOOD FINISHES Unknown SF 20 
43140 C304006 GYPSUM WALLBOARD FINISHES Unknown SF 20 
43141 C304007 SPECIAL COATINGS ON WALLS Unknown SF 20 
43142 D101001 GENERAL CONSTRUCTION ITEMS Unknown EA 20 
43143 D101002 PASSENGER ELEVATORS Unknown STP 25 
43144 D101003 FREIGHT ELEVATORS Unknown STP 25 
43145 D101004 WHEELCHAIR LIFT Unknown EA 20 
43146 D101005 DUMBWAITERS Unknown STP 35 
43147 
D101090 OTHER VERTICAL TRANSPORTATION 
EQUIPMENT Unknown EA 25 
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43148 
D102001 BASIC REQUIREMENTS OF CRANES AND 
MONORAILS Unknown EA 20 
43149 D102002 OVERHEAD CRANES Unknown EA 20 
43150 D102003 MONORAILS Unknown EA 20 
43151 D103001 ESCALATORS Unknown LF 40 
43152 D103002 MOVING WALKS Unknown LF 40 
43153 D103090 OTHER MOVING STAIRS & WALKS Unknown EA 20 
43154 D109001 PNEUMATIC TUBE SYSTEMS Unknown EA 35 
43155 D109002 CONVEYORS Unknown EA 35 
43156 D109003 LINEN, TRASH, AND MAIL CHUTES Unknown LF 20 
43157 D109003 LINEN, TRASH, AND MAIL CHUTES Unknown LF 20 
43158 D109004 TURNTABLES Unknown EA 20 
43159 D109005 OPERABLE SCAFFOLDING Unknown SF 20 
43160 D109005 OPERABLE SCAFFOLDING Unknown SF 20 
43161 D109006 TRANSPORTATION SYSTEMS Unknown EA 20 
43162 D109090 OTHER MATERIAL HANDLING SYSTEMS Unknown EA 20 
43163 D201001 WATERCLOSETS Unknown EA 25 
43164 D201002 URINALS Unknown EA 25 
43165 D201003 LAVATORIES Unknown EA 25 
43166 D201004 SINKS Unknown EA 25 
43167 D201005 SHOWERS/TUBS Unknown EA 25 
43168 D201006 DRINKING FOUNTAINS AND COOLERS Unknown EA 10 
43169 D201007 BIDETS Unknown EA 25 
43170 D201090 OTHER PLUMBING FIXTURES Unknown EA 15 
43171 D202001 PIPES & FITTINGS Unknown EA 50 
43172 D202002 VALVES & HYDRANTS Unknown EA 25 
43173 D202003 DOMESTIC WATER EQUIPMENT Unknown EA 10 
43174 D202004 INSULATION & IDENTIFICATION Unknown EA 25 
43175 D202005 SPECIALTIES Unknown EA 25 
43176 D202090 OTHER DOMESTIC WATER SUPPLY Unknown EA 8 
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43177 D203001 WASTE PIPE & FITTINGS Unknown EA 50 
43178 D203002 VENT PIPE & FITTINGS Unknown EA 25 
43179 D203003 FLOOR DRAINS Unknown EA 25 
43180 D203004 SANITARY AND VENT EQUIPMENT Unknown EA 25 
43181 D203005 INSULATION & IDENTIFICATION Unknown EA 25 
43182 D203090 OTHER SANITARY WASTE Unknown EA 100 
43183 D204001 PIPE & FITTINGS Unknown LF 25 
43184 D204002 ROOF DRAINS Unknown EA 25 
43185 D204003 RAINWATER DRAINAGE EQUIPMENT Unknown EA 25 
43186 D204004 INSULATION & IDENTIFICATION Unknown LF 25 
43187 D204090 OTHER RAIN WATER DRAINAGE SYSTEM Unknown EA 25 
43188 D209001 SPECIAL PIPING SYSTEMS Unknown EA 15 
43189 D209002 ACID WASTE SYSTEMS Unknown EA 25 
43190 D209003 INTERCEPTORS Unknown EA 25 
43191 D209004 POOL PIPING AND EQUIPMENT Unknown EA 25 
43192 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) Unknown EA 25 
43193 D209090 OTHER SPECIAL PLUMBING SYSTEMS Unknown EA 25 
43194 D301001 OIL SUPPLY SYSTEM Unknown MBH 20 
43195 D301002 GAS SUPPLY SYSTEM Unknown MBH 50 
43196 
D301003 STEAM SUPPLY SYSTEM (FROM CENTRAL 
PLANT) Unknown MBH 20 
43197 
D301004 HOT WATER SUPPLY SYSTEM (FROM 
CENTRAL PLANT) Unknown MBH 20 
43198 D301005 SOLAR ENERGY SYSTEMS Unknown EA 25 
43199 D301006 WIND ENERGY SUPPLY SYSTEM Unknown EA 20 
43200 D301007 COAL SUPPLY SYSTEM Unknown MBH 20 
43201 D301090 OTHER ENERGY SUPPLY Unknown EA 25 
43202 D302001 BOILERS Unknown MBH 30 
43203 D302002 FURNACES Unknown MBH 15 
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43204 D302003 FUEL-FIRED UNIT HEATERS Unknown MBH 25 
43205 D302004 AUXILIARY EQUIPMENT Unknown MBH 20 
43206 D302005 EQUIPMENT THERMAL INSULATION Unknown SF 20 
43207 D302090 OTHER HEAT GENERATING SYSTEMS Unknown EA 30 
43208 D303001 CHILLED WATER SYSTEMS Unknown TON 20 
43209 D303002 DIRECT EXPANSION SYSTEMS Unknown TON 20 
43210 D303090 OTHER COOLING GENERATING SYSTEMS Unknown EA 15 
43211 D304001 AIR DISTRIBUTION, HEATING & COOLING Unknown EA 20 
43212 D304002 STEAM DISTRIBUTION SYSTEMS Unknown MBH 30 
43213 D304003 HOT WATER DISTRIBUTION SYSTEMS Unknown MBH 20 
43214 D304004 CHANGE OVER DISTRIBUTION SYSTEMS Unknown MBH 20 
43215 D304005 GLYCOL DISTRIBUTION SYSTEMS Unknown MBH 30 
43216 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Unknown TON 20 
43217 D304007 EXHAUST SYSTEMS Unknown EA 25 
43218 D304008 AIR HANDLING UNITS Unknown EA 15 
43219 D304090 OTHER DISTRIBUTION SYSTEMS Unknown EA 30 
43220 D305001 UNIT VENTILATORS Unknown EA 20 
43221 D305002 UNIT HEATERS Unknown EA 25 
43222 D305003 FAN COIL UNITS Unknown EA 15 
43223 D305004 FIN TUBE RADIATION Unknown EA 30 
43224 D305005 ELECTRIC HEATING Unknown EA 25 
43225 D305006 PACKAGE UNITS Unknown EA 20 
43226 D305090 OTHER TERMINAL & PACKAGE UNITS Unknown EA 25 
43227 D306001 HVAC CONTROLS Unknown EA 20 
43228 D306002 ELECTRONIC CONTROLS Unknown EA 10 
43229 D306003 PNEUMATIC CONTROLS Unknown EA 10 
43230 D306004 INSTRUMENT AIR COMPRESSORS Unknown EA 25 
43231 D306005 GAS PURGING SYSTEMS Unknown EA 20 
43232 D306090 OTHER CONTROLS INSTRUMENTATION Unknown EA 10 
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43233 
D307001 WATER SIDE TESTING & BALANCING - 
HEATING & COOLING Unknown EA 20 
43234 
D307002 AIR SIDE TESTING & BALANCING - HEATING, 
COOLING & EXHAUST  Unknown EA 20 
43235 D307003 HVAC COMMISSIONING Unknown EA 20 
43236 D307090 OTHER SYSTEMS TESTING & BALANCING Unknown EA 20 
43237 D309001 GENERAL CONSTRUCTION ITEMS Unknown SF 20 
43238 D309002 REFRIGERATION SYSTEMS Unknown TON 20 
43239 D309090 OTHER SPECIAL MECHANICAL SYSTEMS Unknown EA 10 
43240 D401001 FIRE ALARM DISTRIBUTION Unknown SF 20 
43241 D401002 FIRE ALARM DEVICES Unknown EA 20 
43242 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT Unknown LF 20 
43243 D402002 FIRE PUMP Unknown EA 20 
43244 D403001 STANDPIPE EQUIPMENT & PIPING Unknown EA 20 
43245 D404001 SPRINKLERS AND RELEASING DEVICES Unknown EA 50 
43246 
D404002 SPRINKLER WATER SUPPLY EQUIPMENT AND 
PIPING Unknown EA 23 
43247 D405001 PORTABLE EXTINGUISHERS Unknown EA 20 
43248 D409001 CARBON DIOXIDE SYSTEMS Unknown EA 25 
43249 D409002 FOAM GENERATING EQUIPMENT Unknown EA 20 
43250 D409003 CLEAN AGENT SYSTEMS Unknown EA 20 
43251 D409004 HOOD & DUCT FIRE PROTECTION Unknown EA 25 
43252 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS Unknown EA 20 
43253 D501001 MAIN TRANSFORMERS Unknown KVA 50 
43254 D501002 SERVICE ENTRANCE EQUIPMENT Unknown AMP 35 
43255 D501003 INTERIOR DISTRIBUTION TRANSFORMERS Unknown KVA 50 
43256 D501004 PANELBOARDS Unknown AMP 40 
43257 D501005 ENCLOSED CIRCUIT BREAKERS Unknown AMP 50 
43258 D501006 MOTOR CONTROL CENTERS Unknown AMP 40 
43259 D501090 OTHER SERVICE AND DISTRIBUTION Unknown EA 25 
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43260 D502001 BRANCH WIRING Unknown SF 60 
43261 D502002 LIGHTING EQUIPMENT Unknown SF 20 
43262 D502090 OTHER LIGHTING AND BRANCH WIRING Unknown EA 15 
43263 D503001 TELECOMMUNICATIONS SYSTEMS Unknown EA 20 
43264 D503002 PUBLIC ADDRESS SYSTEMS Unknown SF 20 
43265 D503003 INTERCOMMUNICATIONS SYSTEMS Unknown EA 15 
43266 D503004 TELEVISION SYSTEMS Unknown EA 20 
43267 D503005 SECURITY SYSTEMS Unknown EA 20 
43268 D503006 NURSE CALL SYSTEMS Unknown EA 20 
43269 D503007 CLOCK & PROGRAM SYSTEMS Unknown EA 20 
43270 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS Unknown EA 15 
43271 
D509001 GENERAL CONSTRUCTION ITEMS 
(ELECTRICAL) Unknown SF 20 
43272 D509002 EMERGENCY LIGHTING & POWER Unknown SF 15 
43273 D509003 GROUNDING SYSTEMS Unknown SF 50 
43274 D509004 LIGHTNING PROTECTION Unknown SF 50 
43275 D509005 ELECTRIC HEATING Unknown SF 20 
43276 D509006 ENERGY MANAGEMENT CONTROL SYSTEM Unknown SF 20 
43277 D509090 OTHER SPECIAL SYSTEMS AND DEVICES Unknown EA 18 
43278 E101001 CHECKROOM EQUIPMENT Unknown EA 20 
43279 E101002 REGISTRATION EQUIPMENT Unknown EA 20 
43280 E101003 VENDING EQUIPMENT Unknown EA 20 
43281 E101004 LAUNDRY EQUIPMENT Unknown EA 20 
43282 E101005 SECURITY & VAULT EQUIPMENT Unknown EA 50 
43283 E101006 TELLER AND SERVICE EQUIPMENT Unknown EA 20 
43284 E101007 MERCANTILE EQUIPMENT Unknown EA 20 
43285 E101008 OFFICE EQUIPMENT Unknown EA 20 
43286 
E102001 MISCELLANEOUS COMMON FIXED & 
MOVEABLE EQUIPMENT Unknown EA 30 
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43287 E102002 MEDICAL EQUIPMENT Unknown EA 20 
43288 E102003 LABORATORY EQUIPMENT Unknown EA 20 
43289 E102004 MORTUARY EQUIPMENT Unknown EA 20 
43290 E102005 AUDITORIUM & STAGE EQUIPMENT Unknown EA 20 
43291 E102006 LIBRARY EQUIPMENT Unknown EA 20 
43292 E102007 ECCLESIASTICAL EQUIPMENT Unknown EA 20 
43293 E102008 INSTRUMENTAL EQUIPMENT Unknown EA 20 
43294 E102009 AUDIO-VISUAL EQUIPMENT Unknown EA 20 
43295 E102010 DETENTION EQUIPMENT Unknown EA 20 
43296 E103001 PARKING CONTROL EQUIPMENT Unknown EA 20 
43297 E103002 LOADING DOCK EQUIPMENT Unknown EA 20 
43298 E103003 WAREHOUSE EQUIPMENT Unknown EA 20 
43299 E103004 AUTOMOTIVE SHOP EQUIPMENT Unknown EA 20 
43300 E109001 BUILT-IN MAINTENANCE EQUIPMENT Unknown SF 20 
43301 E109002 FOOD SERVICE EQUIPMENT Unknown EA 20 
43302 E109003 WASTE HANDLING EQUIPMENT Unknown EA 20 
43303 E109004 RESIDENTIAL EQUIPMENT Unknown EA 20 
43304 E109005 UNIT KITCHENS Unknown EA 20 
43305 E109006 DARKROOM EQUIPMENT Unknown EA 20 
43306 
E109007 ATHLETIC, RECREATIONAL, & THERAPEUTIC 
EQUIPMENT Unknown EA 20 
43307 E109008 PLANETARIUM EQUIPMENT Unknown EA 20 
43308 E109009 OBSERVATORY EQUIPMENT Unknown EA 20 
43309 E109010 AGRICULTURAL EQUIPMENT Unknown EA 20 
43310 
E109090 OTHER SPECIALIZED FIXED AND MOVEABLE 
EQUIPMENT Unknown EA 20 
43311 E201001 FIXED ARTWORK Unknown EA 20 
43312 E201002 WINDOW TREATMENTS Unknown SF 20 
43313 E201003 SEATING (FIXED) Unknown EA 30 
43314 E201004 FIXED INTERIOR LANDSCAPING Unknown EA 20 
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43315 E201090 OTHER FIXED INTERIOR FURNISHINGS Unknown EA 20 
43316 E202001 MOVEABLE ART WORK Unknown EA 20 
43317 E202002 MODULAR PREFABRICATED FURNITURE Unknown SF 20 
43318 E202003 FREESTANDING FURNITURE Unknown EA 20 
43319 E202004 RUGS & ACCESSORIES Unknown EA 20 
43320 E202005 MOVEABLE MULTIPLE SEATING Unknown EA 20 
43321 E202006 MOVEABLE INTERIOR LANDSCAPING Unknown EA 20 
43322 E202090 OTHER MOVEABLE FURNISHINGS Unknown EA 20 
43323 F101001 METAL BUILDING SYSTEMS Unknown SF 20 
43324 F101002 EXTERIOR UTILITY BUILDINGS Unknown SF 20 
43325 F101003 AIR-SUPPORTED STRUCTURES Unknown SF 20 
43326 F101090 OTHER SPECIAL CONSTRUCTION Unknown EA 20 
43327 F102001 SPECIAL PURPOSE ROOMS Unknown SF 20 
43328 F102002 INTEGRATED ASSEMBLIES Unknown SF 24 
43329 F102090 OTHER INTEGRATED CONSTRUCTION Unknown SF 20 
43330 F103001 VAULTS Unknown SF 20 
43331 
F103002 SOUND, VIBRATION, AND SEISMIC 
CONSTRUCTION Unknown SF 20 
43332 F103003 RADIATION PROTECTION Unknown SF 20 
43333 F103090 OTHER SPECIAL CONSTRUCTION SYSTEMS Unknown SF 20 
43334 F104001 INTERIOR SWIMMING POOLS Unknown SF 20 
43335 F104002 LIQUID AND GAS STORAGE TANKS Unknown EA 20 
43336 F104003 KENNELS AND ANIMAL SHELTERS Unknown SF 20 
43337 F104004 SITE CONSTRUCTED INCINERATORS Unknown EA 20 
43338 F104005 ICE RINKS Unknown SF 20 
43339 F104090 OTHER SPECIAL FACILITIES Unknown EA 20 
43340 F105001 RECORDING INSTRUMENTATION Unknown EA 20 
43341 F105002 BUILDING AUTOMATION SYSTEMS Unknown EA 20 
43342 
F105090 OTHER SPECIAL CONTROLS AND 
INSTRUMENTATION Unknown EA 20 
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43343 F201001 SUBSTRUCTURE & SUPERSTRUCTURE Unknown EA 20 
43344 F201002 EXTERIOR CLOSURE Unknown EA 20 
43345 F201003 ROOFING Unknown EA 20 
43346 F201004 INTERIOR CONSTRUCTION & FINISHES Unknown EA 20 
43347 F201005 CONVEYING SYSTEMS Unknown EA 20 
43348 F201006 MECHANICAL SYSTEMS Unknown EA 20 
43349 F201007 ELECTRICAL SYSTEMS Unknown EA 20 
43350 F201008 EQUIPMENT & FURNISHINGS Unknown EA 20 
43351 
F201090 OTHER NON-HAZARDOUS SELECTIVE 
BUILDING DEMOLITION Unknown EA 20 
43352 F202001 SUBSTRUCTURE & SUPERSTRUCTURE Unknown EA 20 
43353 F202002 EXTERIOR CLOSURE Unknown EA 20 
43354 F202003 ROOFING Unknown EA 20 
43355 F202004 INTERIOR CONSTRUCTION & FINISHES Unknown EA 20 
43356 F202005 CONVEYING SYSTEMS Unknown EA 20 
43357 F202006 MECHANICAL SYSTEMS Unknown EA 20 
43358 F202007 ELECTRICAL SYSTEMS Unknown EA 20 
43359 F202008 EQUIPMENT & FURNISHINGS Unknown EA 20 
43360 
F202090 OTHER HAZARDOUS SELECTIVE BUILDING 
DEMOLITION Unknown EA 20 
43361 G101001 CLEARING Unknown EA 20 
43362 G101002 TREE REMOVAL Unknown EA 20 
43363 G101003 STUMP REMOVAL Unknown EA 20 
43364 G101004 GRUBBING Unknown EA 20 
43365 G101005 SELECTIVE THINNING Unknown EA 20 
43366 G101006 DEBRIS DISPOSAL Unknown SY 20 
43367 G101090 OTHER SITE CLEARING Unknown EA 20 
43368 G102001 BUILDING MASS DEMOLITION Unknown EA 20 
43369 G102002 ABOVE GROUND SITE DEMOLITION Unknown SY 20 
43370 G102003 UNDERGROUND SITE DEMOLITION Unknown SY 20 
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43371 G102004 BUILDING RELOCATION Unknown SF 20 
43372 G102005 UTILITY RELOCATION Unknown LF 20 
43373 G102006 FENCING RELOCATION Unknown LF 20 
43374 G102007 SITE CLEANUP Unknown SY 20 
43375 G102090 OTHER SITE DEMOLITION & RELOCATIONS Unknown EA 20 
43376 G103001 GRADING Unknown SY 20 
43377 G103002 COMMON EXCAVATION Unknown SY 20 
43378 G103003 ROCK EXCAVATION Unknown SY 20 
43379 G103004 FILL & BORROW Unknown SY 20 
43380 G103005 COMPACTION Unknown SY 20 
43381 G103006 SOIL STABILIZATION Unknown SY 20 
43382 G103007 SLOPE STABILIZATION Unknown SY 20 
43383 G103008 SOIL TREATMENT Unknown SY 20 
43384 G103009 SHORING Unknown SF 20 
43385 G103010 TEMPORARY DEWATERING Unknown SY 20 
43386 
G103011 TEMPORARY EROSION & SEDIMENT 
CONTROL Unknown SF 20 
43387 G103090 OTHER SITE EARTHWORK Unknown EA 20 
43388 G104001 REMOVAL OF CONTAMINATED SOIL Unknown SY 20 
43389 G104002 SOIL RESTORATION AND TREATMENT Unknown SY 20 
43390 G104090 OTHER HAZARDOUS WASTE REMEDIATION Unknown EA 20 
43391 G201001 BASES & SUBBASES Unknown SY 20 
43392 G201002 CURBS & GUTTERS Unknown LF 20 
43393 G201003 PAVED SURFACES Unknown SY 20 
43394 G201004 MARKING & SIGNAGE Unknown SY 20 
43395 G201005 GUARDRAILS & BARRIERS Unknown LF 20 
43396 G201006 RESURFACING Unknown SY 20 
43397 G201090 OTHER ROADWAYS Unknown EA 20 
43398 G202001 BASES & SUBBASES Unknown SY 20 
43399 G202002 CURBS & GUTTERS Unknown LF 20 
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43400 G202003 PAVED SURFACES Unknown SY 20 
43401 G202004 MARKING & SIGNAGE Unknown EA 20 
43402 G202005 GUARDRAILS & BARRIERS Unknown LF 20 
43403 G202006 RESURFACING Unknown SY 20 
43404 
G202007 MISCELLANEOUS STRUCTURES AND 
EQUIPMENT Unknown EA 20 
43405 G202090 OTHER PARKING LOTS Unknown EA 20 
43406 G203001 BASES & SUBBASES Unknown SY 20 
43407 G203002 CURBS & GUTTERS Unknown LF 20 
43408 G203003 PAVED SURFACES Unknown SY 10 
43409 G203004 GUARDRAILS & BARRIERS Unknown LF 20 
43410 G203005 RESURFACING Unknown SY 20 
43411 G203090 OTHER WALKS, STEPS & TERRACES Unknown EA 30 
43412 G204001 FENCING & GATES Unknown LF 25 
43413 
G204002 RETAINING WALLS AND FREESTANDING 
WALLS Unknown SY 20 
43414 G204003 EXTERIOR FURNISHINGS Unknown EA 20 
43415 G204004 SECURITY STRUCTURES Unknown EA 20 
43416 G204005 SIGNAGE Unknown EA 20 
43417 G204006 FOUNTAINS & POOLS Unknown EA 20 
43418 G204007 PLAYING FIELDS Unknown EA 20 
43419 G204008 TERRACE AND PERIMETER WALLS Unknown SY 20 
43420 G204009 FLAGPOLES Unknown EA 20 
43421 G204090 OTHER SITE IMPROVEMENTS Unknown EA 20 
43422 G205001 FINE GRADING & SOIL PREPARATION Unknown SY 20 
43423 G205002 EROSION CONTROL MEASURES Unknown SY 20 
43424 G205003 TOPSOIL & PLANTING BEDS Unknown SY 20 
43425 G205004 SEEDING, SPRIGGING AND SODDING Unknown SY 20 
43426 G205005 PLANTINGS Unknown EA 20 
43427 G205006 PLANTERS Unknown EA 20 
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43428 G205007 IRRIGATION SYSTEMS Unknown SY 20 
43429 G205090 OTHER LANDSCAPING Unknown EA 20 
43430 G206001 AIRFIELD PAVING CONSTRUCTION Unknown SY 20 
43431 G206002 OTHER PAVING Unknown SY 20 
43432 G206003 JOINTS AND ANCHORAGE Unknown SY 20 
43433 G206004 NAVIGATION AIDS Unknown EA 20 
43434 G206005 AIRFIELD MARKINGS Unknown EA 20 
43435 G301001 WELL SYSTEMS Unknown EA 20 
43436 G301002 POTABLE WATER DISTRIBUTION Unknown LF 20 
43437 G301003 POTABLE WATER STORAGE Unknown EA 20 
43438 G301004 FIRE PROTECTION WATER DISTRIBUTION Unknown LF 20 
43439 G301005 FIRE PROTECTION WATER STORAGE Unknown EA 20 
43440 G301006 NON-POTABLE WATER DISTRIBUTION Unknown LF 20 
43441 G301007 PUMPING STATIONS Unknown EA 20 
43442 G301008 PACKAGED WATER TREATMENT PLANTS Unknown EA 20 
43443 G301090 OTHER WATER SUPPLY Unknown EA 20 
43444 G302001 SANITARY SEWER PIPING Unknown LF 20 
43445 G302002 SANITARY SEWER MANHOLES & CLEANOUTS Unknown EA 20 
43446 G302003 LIFT STATIONS AND PUMPING STATIONS Unknown EA 20 
43447 
G302004 PACKAGED SANITARY SEWER TREATMENT 
PLANTS Unknown EA 20 
43448 G302005 SEPTIC TANKS Unknown EA 20 
43449 G302006 DRAIN FIELDS Unknown LF 20 
43450 G302090 OTHER SANITARY SEWER Unknown EA 20 
43451 G303001 STORM SEWER PIPING Unknown LF 20 
43452 G303002 STORM SEWER STRUCTURES Unknown EA 20 
43453 G303003 LIFT STATIONS Unknown EA 20 
43454 G303004 CULVERTS Unknown LF 20 
43455 G303005 HEADWALLS Unknown EA 20 
43456 G303006 EROSION & SEDIMENT CONTROL MEASURES Unknown SY 20 
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43457 G303007 STORMWATER MANAGEMENT Unknown EA 20 
43458 G303090 OTHER STORM SEWER Unknown EA 20 
43459 G304001 OVERHEAD HOT WATER SYSTEMS Unknown LF 20 
43460 G304002 OVERHEAD STEAM SYSTEMS Unknown LF 20 
43461 G304003 UNDERGROUND HOT WATER SYSTEMS Unknown LF 20 
43462 
G304004 UNDERGROUND STEAM DISTRIBUTION 
SYSTEMS Unknown LF 20 
43463 
G304005 REINFORCED CONCRETE MANHOLES & 
VALVE BOXES Unknown EA 20 
43464 G304006 PUMPING STATIONS Unknown EA 20 
43465 G304090 OTHER HEATING DISTRIBUTION Unknown EA 20 
43466 G305001 OVERHEAD COOLING SYSTEMS Unknown LF 20 
43467 G305002 UNDERGROUND COOLING SYSTEMS Unknown LF 20 
43468 G305003 TRENCHBOXES Unknown LF 20 
43469 G305004 WELLS FOR COOLING Unknown EA 20 
43470 G305005 PUMPING STATIONS Unknown EA 20 
43471 G305006 ON-SITE COOLING TOWERS Unknown EA 20 
43472 G305090 OTHER COOLING DISTRIBUTION Unknown EA 20 
43473 G306001 LIQUID FUEL DISTRIBUTION PIPING SYSTEM Unknown LF 20 
43474 
G306002 AVIATION FUEL DISTRIBUTION PIPING 
SYSTEM Unknown LF 20 
43475 G306003 LIQUID FUEL STORAGE TANKS Unknown EA 20 
43476 G306004 LIQUID FUEL DISPENSING EQUIPMENT Unknown EA 20 
43477 G306005 LIQUID FUEL SYSTEM TRENCHBOXES Unknown LF 20 
43478 
G306006 GAS DISTRIBUTION PIPING (NATURAL AND 
PROPANE) Unknown LF 20 
43479 G306007 GAS STORAGE TANKS Unknown EA 20 
43480 G306008 GAS SYSTEM TRENCHBOXES Unknown LF 20 
43481 G306009 OTHER GAS DISTRIBUTION Unknown EA 20 
43482 G306090 OTHER FUEL DISTRIBUTION Unknown EA 20 
43483 G309001 INDUSTRIAL WASTE PIPE Unknown LF 20 
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43484 
G309002 INDUSTRIAL WASTE MANHOLES & 
CLEANOUTS Unknown EA 20 
43485 G309003 INDUSTRIAL WASTE LIFT STATIONS Unknown EA 20 
43486 
G309004 INDUSTRIAL WASTE HOLDING TANKS & 
SEPARATORS Unknown EA 20 
43487 G309005 INDUSTRIAL WASTE TRENCHBOXES Unknown LF 20 
43488 G309090 OTHER INDUSTRIAL WASTE Unknown EA 20 
43489 G401001 SUBSTATIONS Unknown KVA 20 
43490 G401002 TRANSFORMERS Unknown KVA 20 
43491 G401003 SWITCHES, CONTROLS & DEVICES Unknown EA 20 
43492 G401004 OVERHEAD ELECTRIC CONDUCTORS Unknown LF 20 
43493 
G401005 TOWERS, POLES, CROSSARMS & 
INSULATORS Unknown EA 20 
43494 G401006 UNDERGROUND ELECTRIC CONDUCTORS Unknown LF 20 
43495 
G401007 DUCTBANKS, MANHOLES, HANDHOLES & 
RACEWAYS Unknown EA 20 
43496 G401008 GROUNDING SYSTEMS Unknown EA 20 
43497 G401009 METERING Unknown EA 20 
43498 G401010 CATHODIC PROTECTION Unknown EA 20 
43499 
G401011 EQUIPMENT REQUIREMENTS FOR COASTAL 
AND HIGH HUMIDITY AREAS Unknown EA 20 
43500 
G401090 OTHER ELECTRIC TRANSMISSION & 
DISTRIBUTION Unknown EA 20 
43501 G402001 EXTERIOR LIGHTING FIXTURES & CONTROLS Unknown EA 20 
43502 G402002 SPECIAL SECURITY LIGHTING SYSTEMS Unknown EA 20 
43503 G402003 OTHER AREA LIGHTING Unknown EA 20 
43504 G402004 LIGHTING POLES Unknown EA 20 
43505 G402005 UNDERGROUND ELECTRIC CONDUCTORS Unknown LF 20 
43506 G402006 DUCTBANKS, MANHOLES & HANDHOLES Unknown EA 20 
43507 G402007 GROUNDING SYSTEMS Unknown EA 20 
43508 G403001 TELECOMMUNICATIONS SYSTEMS Unknown LF 20 
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43509 G403002 CABLE TV SYSTEMS (CATV) Unknown LF 20 
43510 G403003 CABLES & WIRING Unknown LF 20 
43511 G403004 DUCTBANKS, MANHOLES & HANDHOLES Unknown EA 20 
43512 G403005 TOWERS, POLES & STANDS Unknown EA 20 
43513 G403006 TV CAMERAS & MONITORS Unknown EA 20 
43514 G403007 ELECTRONIC SECURITY SYSTEMS (ESS) Unknown EA 20 
43515 G403008 OTHER COMMUNICATION & ALARM Unknown EA 20 
43516 G403009 GROUNDING SYSTEMS Unknown EA 20 
43517 G403090 OTHER SECURITY SYSTEMS Unknown EA 20 
43518 
G409001 SACRIFICIAL ANODE CATHODIC PROTECTION 
SYSTEM Unknown EA 20 
43519 
G409002 INDUCED CURRENT CATHODIC PROTECTION 
SYSTEM Unknown LF 20 
43520 G409003 EMERGENCY POWER GENERATION Unknown KVA 20 
43521 G409090 OTHER CATHODIC PROTECTION Unknown EA 20 
43522 G901001 SERVICE AND PEDESTRIAN TUNNELS Unknown LF 20 
43523 
G901002 PREFABRICATED SERVICE AND PEDESTRIAN 
TUNNELS Unknown LF 20 
43524 G909001 BRIDGES Unknown SY 20 
43525 G909002 RAILROAD SPURS Unknown LF 20 
43526 G909003 SNOW MELTING SYSTEMS Unknown EA 20 
43527 G909090 OTHER SPECIAL CONSTRUCTION Unknown EA 20 
43528 H101001 PILE FOUNDATIONS Unknown EA 20 
43529 H101002 PILE CAPS Unknown EA 20 
43530 H101003 QUAYS Unknown EA 20 
43531 H101004 RELIEVING PLATFORMS Unknown EA 20 
43532 H101005 REVETMENTS Unknown EA 20 
43533 H101006 SEAWALLS Unknown EA 20 
43534 H101007 BOAT RAMPS Unknown EA 20 
43535 H101008 CUT-OFF WALLS Unknown EA 20 
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43536 H101009 GUARD POSTS AND RAILING Unknown EA 20 
43537 H101010 OTHER SUBSTRUCTURE COMPONENTS Unknown EA 20 
43538 H102001 BEAMS AND GIRDERS Unknown EA 20 
43539 H102002 COLUMNS Unknown EA 20 
43540 H102003 UTILITY ENCLOSURES Unknown EA 20 
43541 H102004 OTHER SUPERSTRUCTURE ELEMENTS Unknown EA 20 
43542 H103001 DECK Unknown EA 20 
43543 H103002 ON-GRADE SLAB Unknown EA 20 
43544 H103003 DECK OVERLAY Unknown EA 20 
43545 H103004 CURBS AND BULLRAILS Unknown EA 20 
43546 H103005 MOORING FOUNDATIONS Unknown EA 20 
43547 H103006 HIGH MAST LIGHTING FOUNDATIONS Unknown EA 20 
43548 H103007 UTILITY MOUNDS Unknown EA 20 
43549 H103008 EXPANSION JOINTS Unknown EA 20 
43550 H103009 GUARD POSTS AND RAILING Unknown EA 20 
43551 H103010 PAINT STRIPING Unknown EA 20 
43552 H103011 OTHER DECK COMPONENTS Unknown EA 20 
43553 H104001 PRIMARY FENDER SYSTEM Unknown EA 20 
43554 H104002 SECONDARY FENDER SYSTEM Unknown EA 20 
43555 H104003 CORNER FENDER SYSTEM Unknown EA 20 
43556 H104004 DOLPHINS Unknown EA 20 
43557 H104005 MOORING HARDWARE Unknown EA 20 
43558 
H104006 OTHER MOORING AND BERTHING 
COMPONENTS Unknown EA 20 
43559 H301001 WAVE PROTECTION ARMORS Unknown EA 20 
43560 H301002 BREAKWATERS Unknown EA 20 
43561 H302001 ROCK REVETMENTS Unknown EA 20 
43562 H302002 GRANULAR FILL REVETMENTS Unknown EA 20 
43563 
H302003 COMBINED ROCK AND GRANULAR FILL 
REVETMENTS Unknown EA 20 
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43564 H402001 OCEAN DISPOSAL Unknown EA 20 
43565 H402002 NEW CONFINED DISPOSAL FACILITIES Unknown EA 20 
43566 H402003 EXISTING CONFINED DISPOSAL FACILITIES Unknown EA 20 
43567 H501001 POTABLE WATER Unknown EA 20 
43568 H501002 SALTWATER Unknown EA 20 
43569 H501003 SANITARY SEWER Unknown EA 20 
43570 H501004 BILGE AND OILY WASTE Unknown EA 20 
43571 H501005 COMPRESSED AIR Unknown EA 20 
43572 H501006 STEAM Unknown EA 20 
43573 H501007 OTHER CIVIL/MECHANICAL UTILITIES Unknown EA 20 
43574 H501008 PIPE GUARDRAILS Unknown EA 20 
43575 H502001 POWER DISTRIBUTION SYSTEM Unknown EA 20 
43576 H502002 TELECOMMUNICATION SYSTEM Unknown EA 20 
43577 H502003 LIGHTING SYSTEMS Unknown EA 20 
43578 H502004 LIGHTNING PROTECTION SYSTEM Unknown EA 20 
43579 H502005 POWER BOOMS Unknown EA 20 
43580 H502006 OTHER ELECTRICAL UTILITIES Unknown EA 20 
43581 
H503001 FIRE PROTECTION WATER DISTRIBUTION 
SYSTEM Unknown EA 20 
43582 H503002 FIRE ALARM Unknown EA 20 
43583 B203004 OVERHEAD AND ROLL-UP DOORS Steel Rolling EA 25 
43584 B203004 OVERHEAD AND ROLL-UP DOORS Steel Sectional EA 25 
43585 C102003 FIRE DOORS Fire Door - Sliding, Metal EA 30 
43586 C102003 FIRE DOORS Fire Door - Sliding, Wood EA 30 
43587 C102003 FIRE DOORS Fire Door - Swinging, Metal EA 30 
43588 C102003 FIRE DOORS Fire Door - Swinging, Wood EA 30 
43589 C301005 WALL COVERINGS Wallpaper SF 15 
44000 B301002 LOW SLOPE ROOF SYSTEMS Polyurethane Foam SF 20 
44001 C101001 FIXED PARTITIONS Security Cage / Wire Mesh SF 20 
44002 C101005 INTERIOR WINDOWS Metal Rollup / Coiling Grille SF 20 
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44003 C102090 OTHER INTERIOR SPECIALTY DOORS Cold Storage EA 20 
44004 C201001 INTERIOR AND EXTERIOR STAIRS Interior Steps EA 20 
44005 C201001 INTERIOR AND EXTERIOR STAIRS Interior Steps - Concrete EA 20 
44006 C201001 INTERIOR AND EXTERIOR STAIRS Interior Steps - Wood EA 20 
44007 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Steps EA 20 
44008 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Steps - Concrete EA 20 
44009 C201001 INTERIOR AND EXTERIOR STAIRS Exterior Steps - Wood EA 20 
44010 C301005 WALL COVERINGS Paint SF 20 
44011 C302010 HARDENERS AND SEALERS Epoxy SF 20 
44012 C303090 OTHER CEILING & CEILING FINISHES Plastic Covered Insulated Batts SF 20 
44013 D201001 WATERCLOSETS Stainless EA 25 
44014 D201002 URINALS Stainless EA 25 
44015 D201003 LAVATORIES Stainless EA 25 
44016 D201004 SINKS Stainless EA 25 
44017 D201005 SHOWERS/TUBS Combo Unit (Shower / Tub) EA 25 
44018 D201090 OTHER PLUMBING FIXTURES Stainless Steel Combo Unit (WC/Sink) EA 25 
44019 D305006 PACKAGE UNITS Evaporative Cooler EA 20 
44020 D305006 PACKAGE UNITS Evaporative Cooler -  1785 CFM EA 20 
44021 D305006 PACKAGE UNITS Evaporative Cooler -  2740 CFM EA 20 
44022 D305006 PACKAGE UNITS Evaporative Cooler -  3235 CFM EA 20 
44023 D305006 PACKAGE UNITS Evaporative Cooler -  3625 CFM EA 20 
44024 D305006 PACKAGE UNITS Evaporative Cooler -  4215 CFM EA 20 
44025 D305006 PACKAGE UNITS Evaporative Cooler -  5255 CFM EA 20 
44026 D305006 PACKAGE UNITS Evaporative Cooler -  6090 CFM EA 20 
44027 D305006 PACKAGE UNITS Evaporative Cooler -  8300 CFM EA 20 
44028 D305006 PACKAGE UNITS Evaporative Cooler -  8360 CFM EA 20 
44029 D305006 PACKAGE UNITS Evaporative Cooler -  9725 CFM EA 20 
44030 D305006 PACKAGE UNITS Evaporative Cooler - 11715 CFM EA 20 
44031 D305006 PACKAGE UNITS Evaporative Cooler - 14410 CFM EA 20 
44032 D401002 FIRE ALARM DEVICES Strobe EA 20 
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44033 D401002 FIRE ALARM DEVICES Annunciator EA 20 
44034 D401002 FIRE ALARM DEVICES Strobe/Annunciator Combo EA 20 
44035 D501004 PANELBOARDS Main lugs,  50 amp EA 40 
44036 D501004 PANELBOARDS Main lugs, 125 amp EA 40 
44037 D501004 PANELBOARDS Main lugs, 200 amp EA 40 
44038 D501004 PANELBOARDS Main lugs, 400 amp EA 40 
44039 D501004 PANELBOARDS Main lugs, 600 amp EA 40 
44040 D501004 PANELBOARDS Safety Switch, 200 Amp EA 40 
44041 D501004 PANELBOARDS Safety Switch, 400 Amp EA 40 
44042 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 1 Lamp T8 EA 20 
44043 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 2 Lamp T8 EA 20 
44044 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 3 Lamp T8 EA 20 
44045 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 4 Lamp T8 EA 20 
44046 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 1 Lamp T12 EA 20 
44047 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 2 Lamp T12 EA 20 
44048 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 3 Lamp T12 EA 20 
44049 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 4 Lamp T12 EA 20 
44050 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 4 Lamp T8, HO EA 20 
44051 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 6 Lamp T8, HO EA 20 
44052 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 4 Lamp T5, HO EA 20 
44053 D502002 LIGHTING EQUIPMENT Interior Lighting, FL - 6 Lamp T5, HO EA 20 
44054 D304003 HOT WATER DISTRIBUTION SYSTEMS Circulating Pump, Double Suction EA 20 
44055 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 10" size, 150 HP, to 
4000 GPM EA 20 
44056 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 6" size, 50 HP, to 
1200 GPM EA 20 
44057 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 8" size, 100 HP, to 
3000 GPM EA 20 
44058 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, Double Suction - 8" size, 75 HP, to 
2500 GPM EA 20 
44059 D304003 HOT WATER DISTRIBUTION SYSTEMS Circulating Pump, End Suction EA 20 
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44060 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 2-1/2" size, 3 HP, to 
150 GPM EA 20 
44061 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 3" size, 5 HP, to 225 
GPM EA 20 
44062 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 4" size, 7-1/2 HP, to 
350 GPM EA 20 
44063 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 5" size, 15 HP, to 1000 
GPM EA 20 
44064 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump, End Suction - 6" size, 25 HP, to 1550 
GPM EA 20 
44100 D401001 FIRE ALARM DISTRIBUTION Control equipment - fire alarm, addressable   SF 20 
44101 D401001 FIRE ALARM DISTRIBUTION Control equipment - mass notification , addressable SF 20 
44102 D401001 FIRE ALARM DISTRIBUTION 
Control equipment - combination fire alarm and mass 
notification , addressable SF 20 
44103 
D402001 FIRE PROTECTION WATER PIPING AND 
EQUIPMENT 
Underground non-potable distribution main - fire 
service approved pipe LF 20 
44104 D402002 FIRE PUMP Jockey Pump includes controller and disconnects EA 20 
44105 D402002 FIRE PUMP Test header, flow meters, recirculation system EA 20 
44106 D402002 FIRE PUMP Hydraulic transit controls (surge arrestors) EA 20 
44107 D402002 FIRE PUMP 100 to 499 GPM includes controller and relief devices EA 20 
44108 D402002 FIRE PUMP 500 to 999 GPM includes controller and relief devices EA 20 
44109 D402002 FIRE PUMP 
1000 to 1499 GPM includes controller and relief 
devices EA 20 
44110 D402002 FIRE PUMP 
1500 to 1999 GPM includes controller and relief 
devices EA 20 
44111 D402002 FIRE PUMP 
2000 to 2499 GPM  includes controller and relief 
devices EA 20 
44112 D402002 FIRE PUMP 
2500 to 2999 GPM  includes controller and relief 
devices EA 20 
44113 D402002 FIRE PUMP 
3000 and greater GPM  includes controller and relief 
devices  EA 20 
44114 D403001 STANDPIPE EQUIPMENT & PIPING Class I Riser  EA 20 
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44115 D403001 STANDPIPE EQUIPMENT & PIPING Class II Riser EA 20 
44116 D403001 STANDPIPE EQUIPMENT & PIPING Class III Riser EA 20 
44117 D409001 CARBON DIOXIDE SYSTEMS 
High Pressure Carbon Dioxide CO2 (includes agent 
containers, distribution piping and controls) SF 20 
44118 D409001 CARBON DIOXIDE SYSTEMS 
Low Pressure Carbon Dioxide CO2 (includes agent 
containers, distribution piping and controls) EA 20 
44119 D409002 FOAM GENERATING EQUIPMENT 
Foam-water closed head sprinklers system includes 
concentrate proportioning system SF 20 
44120 D409002 FOAM GENERATING EQUIPMENT 
Foam-water deluge sprinkler system includes 
concentrate proportioning system SF 20 
44121 D409002 FOAM GENERATING EQUIPMENT 
Supplemental (under-aircraft) oscillating nozzle 
system includes concentrate proportioning system SF 20 
44122 D409002 FOAM GENERATING EQUIPMENT 
Supplemental (under-aircraft) fixed nozzle system 
includes concentrate proportioning system SF 20 
44123 D409002 FOAM GENERATING EQUIPMENT 
Supplemental high-expansion system includes 
concentrate proportioning system SF 20 
44124 D409002 FOAM GENERATING EQUIPMENT 
Low-level (in trench) grate nozzle system includes 
concentrate proportioning system SF 20 
44125 D409002 FOAM GENERATING EQUIPMENT 
Low-level high-expansion system includes concentrate 
proportioning system SF 20 
44126 D409003 CLEAN AGENT SYSTEMS 
FM 200, HFC-227ea, CF3CHFCF3 (includes agent 
containers, distribution piping)  SF 20 
44127 D409003 CLEAN AGENT SYSTEMS 
HALON 1301, CBR2F2  (includes agent containers, 
distribution piping)  SF 20 
44128 D409003 CLEAN AGENT SYSTEMS 
Inergen, IG-541, N2, Ar, CO2  (includes agent 
containers, distribution piping) SF 20 
44129 D409003 CLEAN AGENT SYSTEMS 
Nitrogen, IG 100, N2  (includes agent containers, 
distribution piping) SF 20 
44130 D409003 CLEAN AGENT SYSTEMS 
NOVEC 1230, FK-5-1-12mmy2, CF3CF2C(O)CF(CF3)2  
(includes agent containers, distribution piping)  SF 20 
44131 D409004 HOOD & DUCT FIRE PROTECTION 
Dry Chemical (includes agent containers, distribution 
piping and controls)  EA 20 
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44132 D409004 HOOD & DUCT FIRE PROTECTION 
Wet Chemical  (includes agent containers, distribution 
piping and controls) EA 20 
44133 D409004 HOOD & DUCT FIRE PROTECTION 
Water  (includes agent containers, distribution piping 
and controls) EA 20 
44134 D409004 HOOD & DUCT FIRE PROTECTION 
Carbon Dioxide CO2 (includes agent containers, 
distribution piping and controls) EA 20 
44135 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS 
High sensitivity smoke detection systems - air 
sampling / air aspirating SF 20 
44136 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS 
Optical detection system - UV/IR (includes detectors, 
interconnecting circuits and controls) SF 20 
44137 D409090 OTHER SPECIAL FIRE PROTECTION SYSTEMS 
Optical detection system-triple IR (IR3) (includes 
detectors, interconnecting circuots and controls) SF 20 
44138 D301005 SOLAR ENERGY SYSTEMS Solar Panel System KW 25 
44139 D301005 SOLAR ENERGY SYSTEMS Solar Panel - Aluminum Monocrystalline Silicon SF 25 
44140 D301005 SOLAR ENERGY SYSTEMS Solar Panel - Aluminum Polycrystalline Silicon SF 25 
44141 D301005 SOLAR ENERGY SYSTEMS Solar Panel - Thin Film AMORPHOUS  SF 25 
44142 D301005 SOLAR ENERGY SYSTEMS Solar Panel - Thin Film Cadmium Telluride SF 25 
44143 D301005 SOLAR ENERGY SYSTEMS Solar Panel - Thin Film Monocrystalline SF 25 
44144 D301005 SOLAR ENERGY SYSTEMS Solar Panel Battery - Lead Acid EA 4 
44145 D301005 SOLAR ENERGY SYSTEMS Solar Panel Battery - Gel Acid EA 4 
44146 D301005 SOLAR ENERGY SYSTEMS PV Module EA 10 
44147 D301005 SOLAR ENERGY SYSTEMS Charge Controller EA 5 
44148 D301005 SOLAR ENERGY SYSTEMS Solar Inverter EA 10 
44149 D409002 FOAM GENERATING EQUIPMENT 
Control Equipment - Fire Suppression System 
Releasing, addressable EA 20 
44150 B203090 OTHER EXTERIOR SPECIALTY DOORS Storm Door EA 25 
44151 B301004 FLASHINGS & TRIM Chimney Cap/Squirrel/Bird Screen LF 25 
44152 C103090 OTHER INTERIOR SPECIALTIES Built-In Fireplace EA 40 
44153 C103090 OTHER INTERIOR SPECIALTIES Fireplace Accessories EA 25 
44154 C103090 OTHER INTERIOR SPECIALTIES Chandelier EA 20 
44155 C201001 INTERIOR AND EXTERIOR STAIRS Concrete Stoop FLT 100 
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44156 D202002 VALVES & HYDRANTS Kitchen Faucets EA 10 
44157 D202002 VALVES & HYDRANTS Washer/Dryer Faucets EA 10 
44158 D302004 AUXILIARY EQUIPMENT Expansion Tank - 2,500 gal EA 30 
44159 D302004 AUXILIARY EQUIPMENT Expansion Tank - 1,200 gal EA 30 
44160 D302004 AUXILIARY EQUIPMENT Expansion Tank - 528 gal EA 30 
44161 D302090 OTHER HEAT GENERATING SYSTEMS Steel Pipe Steam Distribution Service Lateral LF 30 
44162 D304003 HOT WATER DISTRIBUTION SYSTEMS Circulating Pump - 1/2 HP EA 30 
44163 D304003 HOT WATER DISTRIBUTION SYSTEMS Circulating Pump - 1/4 HP EA 30 
44164 D304090 OTHER DISTRIBUTION SYSTEMS 2-Pipe Heating/Cooling Distribution Steel Piping -  1 IN LF 30 
44165 D304090 OTHER DISTRIBUTION SYSTEMS 2-Pipe Heating/Cooling Distribution Steel Piping -  3 IN LF 30 
44166 D304090 OTHER DISTRIBUTION SYSTEMS Heating/Cooling Distribution Copper Piping - 3 IN LF 30 
44167 D304090 OTHER DISTRIBUTION SYSTEMS Heating/Cooling Distribution Copper Piping - 1 IN LF 30 
44168 D305006 PACKAGE UNITS Window Unit Air Conditioner - 1 TN EA 10 
44169 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler - 7.5 TN EA 15 
44170 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler - 5 TN EA 15 
44171 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler -3.5 TN EA 15 
44172 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler - 3 TN EA 15 
44173 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler - 2.5 TN EA 15 
44174 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler - 2 TN EA 15 
44175 D305006 PACKAGE UNITS 
Heat Pump Package Condenser/Evaporator/Air 
Handler - 1.5 TN EA 15 
44176 D305006 PACKAGE UNITS Heat Pump Water Source Single Package - 7.5 TN EA 15 
44177 D305006 PACKAGE UNITS Heat Pump Water Source Single Package - 5 TN EA 15 
44178 D305006 PACKAGE UNITS Heat Pump Water Source Single Package - 3 TN EA 15 
44179 D305006 PACKAGE UNITS Heat Pump Water Source Single Package - 2 TN EA 15 
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44180 D305006 PACKAGE UNITS Heat Pump Water Source Single Package - 1 TN EA 15 
44181 D309090 OTHER SPECIAL MECHANICAL SYSTEMS Ventilation/Heat Recovery System EA 20 
44182 D309090 OTHER SPECIAL MECHANICAL SYSTEMS Radon Management System EA 10 
44183 D501090 OTHER SERVICE AND DISTRIBUTION GFCI Receptacle EA 30 
44184 D501090 OTHER SERVICE AND DISTRIBUTION Direct Buried Electrical Service Lateral LF 30 
44185 D501090 OTHER SERVICE AND DISTRIBUTION Ducted Electrical Service Lateral LF 30 
44186 D501090 OTHER SERVICE AND DISTRIBUTION Overhead Electrical  Service Lateral LF 30 
44187 D502002 LIGHTING EQUIPMENT Interior Rope Light LF 20 
44188 D503001 TELECOMMUNICATIONS SYSTEMS Direct Buried Telecommunications Service Lateral LF 30 
44189 D503001 TELECOMMUNICATIONS SYSTEMS Ducted Telecommunications Service Lateral LF 30 
44190 D503001 TELECOMMUNICATIONS SYSTEMS Overhead Telecommunications Service Lateral LF 30 
44191 D503004 TELEVISION SYSTEMS Direct Buried Cable Television Service Lateral LF 30 
44192 D503004 TELEVISION SYSTEMS Ducted Cable Television Service Lateral LF 30 
44193 D503004 TELEVISION SYSTEMS Overhead Cable Television Service Lateral LF 30 
44194 E109002 FOOD SERVICE EQUIPMENT Double Oven Commercial Grade EA 10 
44195 E109002 FOOD SERVICE EQUIPMENT One Compartment Freezer Commercial Grade EA 15 
44196 E109002 FOOD SERVICE EQUIPMENT Two Compartment Freezer Commercial Grade EA 15 
44197 E109002 FOOD SERVICE EQUIPMENT Ice Maker EA 7 
44198 E109002 FOOD SERVICE EQUIPMENT Two Compartment Refrigerator Commercial Grade EA 15 
44199 E109002 FOOD SERVICE EQUIPMENT One Compartment Refrigerator Commercial Grade EA 15 
44200 E109002 FOOD SERVICE EQUIPMENT Warming Drawer EA 10 
44201 E109004 RESIDENTIAL EQUIPMENT Dishwasher Residential Grade EA 9 
44202 E109004 RESIDENTIAL EQUIPMENT Double Oven Residential Grade EA 10 
44203 E109004 RESIDENTIAL EQUIPMENT Microwave Oven EA 8 
44204 E109004 RESIDENTIAL EQUIPMENT Electric Range/Cooktop Residential Grade EA 10 
44205 E109004 RESIDENTIAL EQUIPMENT Refrigerator Residential Grade EA 15 
44206 E109004 RESIDENTIAL EQUIPMENT Trash Compactor Residential grade EA 10 
44207 E109004 RESIDENTIAL EQUIPMENT Stove/Oven Residential Grade EA 10 
44208 E109004 RESIDENTIAL EQUIPMENT Wall Oven Residential Grade EA 10 
44209 E109004 RESIDENTIAL EQUIPMENT Dryer EA 7 
314 
 
CMC Material Category Component Type UoM Design Life 
44210 E109004 RESIDENTIAL EQUIPMENT Washer EA 7 
44211 E109004 RESIDENTIAL EQUIPMENT Garbage Disposal Residential Grade EA 7 
44212 E201002 WINDOW TREATMENTS Window Screen EA 10 
44213 F101090 OTHER SPECIAL CONSTRUCTION Concrete Pavilion EA 30 
44214 F101090 OTHER SPECIAL CONSTRUCTION Metal Pavilion SF 30 
44215 F101090 OTHER SPECIAL CONSTRUCTION Wood Pavilion SF 25 
44216 G101090 OTHER SITE CLEARING Trash Receptacle EA 30 
44217 G201004 MARKING & SIGNAGE Pavement Markings, Traffic Lines, Crosswalks LF 30 
44218 G204003 EXTERIOR FURNISHINGS Bicycle Rack EA 20 
44219 G204007 PLAYING FIELDS Rubberized Play Surface SF 10 
44220 G205090 OTHER LANDSCAPING Crushed Landscaping Stone SF 30 
44221 G301002 POTABLE WATER DISTRIBUTION Steel Water Storage Tank - 2,000 gal EA 30 
44222 G301002 POTABLE WATER DISTRIBUTION Steel Water Storage Tank - 15,000 gal EA 30 
44223 G301002 POTABLE WATER DISTRIBUTION Steel Water Storage Tank - 150,000 gal EA 30 
60000 C102002 GLAZED INTERIOR DOORS Lab Sliding EA 19 
60001 C102090 OTHER INTERIOR SPECIALTY DOORS Laminated Lead on Wood Door EA 19 
60002 C102090 OTHER INTERIOR SPECIALTY DOORS Lead Sheet 1/16" on Metal Doors EA 19 
60003 C102090 OTHER INTERIOR SPECIALTY DOORS Acoustical Doors - 41 STC Rating EA 19 
60004 C102090 OTHER INTERIOR SPECIALTY DOORS Acoustical Doors - 52 STC Rating EA 19 
60005 D201004 SINKS Lab Sink Stainless EA 19 
60006 D201004 SINKS Lab Sink Polypropylene EA 19 
60007 D203001 WASTE PIPE & FITTINGS Corrosion Resistant Piping Iron Alloy up to 4" LF 19 
60008 D203001 WASTE PIPE & FITTINGS 
Corrosion Resistant Piping Plastic, epoxy, fiberglass 
wound up to 4" LF 19 
60009 D203001 WASTE PIPE & FITTINGS 
Corrosion Resistant Piping Polyester, fiberglass 
filament wound up to 4" LF 19 
60010 D203001 WASTE PIPE & FITTINGS 
Corrosion Resistant Piping Iron Alloy Polypropylene, 
acid resist., fire retrdnt. Schdl. 40 to 4" LF 19 
60011 D203001 WASTE PIPE & FITTINGS 
Corrosion Resistant Piping Propylene, fire retardant, 
schedule 40 up to 4" LF 19 
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60012 D203001 WASTE PIPE & FITTINGS 
Corrosion Resistant Piping Epoxy, filament wound up 
to 4" LF 19 
60013 D203001 WASTE PIPE & FITTINGS 
Corrosion Resistant Piping Polypropylene, acid 
resistant non-pressure up to 4" LF 19 
60014 D203001 WASTE PIPE & FITTINGS Lab Piping, Glass up to 4" LF 19 
60015 D209001 SPECIAL PIPING SYSTEMS Stainless Steel RO Piping 1" LF 19 
60016 D209001 SPECIAL PIPING SYSTEMS Stainless Steel RO Piping 2" LF 19 
60017 D209001 SPECIAL PIPING SYSTEMS Carbon Dioxide up to 1" copper LF 19 
60018 D209001 SPECIAL PIPING SYSTEMS Dental Compressed Air up to 1" PVC LF 19 
60019 D209001 SPECIAL PIPING SYSTEMS Dental Vacuum Piping up to 4" LF 19 
60020 D209001 SPECIAL PIPING SYSTEMS Lab Compressed Air up to 1" copper LF 19 
60021 D209001 SPECIAL PIPING SYSTEMS Lab Vacuum up to 1" copper LF 19 
60022 D209001 SPECIAL PIPING SYSTEMS Medical Gas Piping up to 1" copper LF 19 
60023 D209001 SPECIAL PIPING SYSTEMS Medical Gas Vacuum Piping up to 1" copper LF 19 
60024 D209001 SPECIAL PIPING SYSTEMS Medical Air and Vacuum up to 1" copper LF 19 
60025 D209001 SPECIAL PIPING SYSTEMS 
Liquid Nitrogen Stainless Steel Piping, Stainless steel 
jacket insulated up to 2-1/2" LF 19 
60026 D209001 SPECIAL PIPING SYSTEMS 
Healthcare Compressed Air Distribution System 
Piping, Valves, and Fittings LF 19 
60027 D209001 SPECIAL PIPING SYSTEMS Dental Compressed Air 1" copper piping LF 19 
60028 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) Dental Air Compressor Minimum EA 19 
60029 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) Dental Air Compressor Maximum EA 19 
60030 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) Medical/Lab Air Compressor Minimum EA 19 
60031 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) Medical/Lab Air Compressor Maximum EA 19 
60032 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) 
Healthcare Vacuum Eq./Anesthesia Vacuum Station 
Medical w/ receiver Duplex 20 SCFM EA 19 
60033 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) 
Healthcare Vacuum Eq./Anesthesia Vacuum Station 
Medical w/ receiver Duplex 60 SCFM EA 19 
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60034 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) 
Healthcare Vacuum Eq./Anesthesia Vacuum Station 
Medical w/ receiver Duplex 180 SCFM EA 19 
60035 
D209005 COMPRESSED AIR SYSTEM (NON-
BREATHING) 
Dental Vacuum Equipment Oral Duplex 165 SCFM 
W/77 Gal Separator EA 19 
60036 D209090 OTHER SPECIAL PLUMBING SYSTEMS Liquid Nitrogen Tank < 30 GAL EA 19 
60037 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Small HEPA Filter Assembly, Filter not incl., 99% DOP 
Eff. Up to 24" x 72" x 12" EA 19 
60038 D304001 AIR DISTRIBUTION, HEATING & COOLING 
Large HEPA Filter Assembly, Filter not incl., 99% DOP 
Eff. Up to 114" x 72" x 12" EA 19 
60039 D306001 HVAC CONTROLS VFD, 5 HP EA 19 
60040 D306001 HVAC CONTROLS VFD, 7.5 HP EA 19 
60041 D306001 HVAC CONTROLS VFD, 10 HP EA 19 
60042 D306001 HVAC CONTROLS VFD, 15 HP EA 19 
60043 D306001 HVAC CONTROLS VFD, 20 HP EA 19 
60044 D306001 HVAC CONTROLS VFD, 25 HP EA 19 
60045 D306001 HVAC CONTROLS VFD, 30 HP EA 19 
60046 D306001 HVAC CONTROLS VFD, 40 HP EA 19 
60047 D306001 HVAC CONTROLS VFD, 50 HP EA 19 
60048 D306001 HVAC CONTROLS VFD, 60 HP EA 19 
60049 D306001 HVAC CONTROLS VFD, 75 HP EA 19 
60050 D306001 HVAC CONTROLS VFD, 100 HP EA 19 
60051 D306001 HVAC CONTROLS VFD, 125 HP EA 19 
60052 D306001 HVAC CONTROLS VFD, 150 HP EA 19 
60053 D306001 HVAC CONTROLS VFD, 200 HP EA 19 
60054 D503006 NURSE CALL SYSTEMS Duress Alarm Annunciator EA 19 
60055 E102002 MEDICAL EQUIPMENT 
Scrub, Surgical, stainless steel single station, 
Maximum EA 19 
60056 E102002 MEDICAL EQUIPMENT X-ray Light Box (3 banks) EA 19 
60057 E102002 MEDICAL EQUIPMENT Separator Tanks - 55 GAL EA 19 
60058 E102002 MEDICAL EQUIPMENT Medical Gas Supply Station - 5 bottle EA 19 
60059 E102002 MEDICAL EQUIPMENT Medical Gas Zone Valve with box - up to 2" EA 19 
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60060 E102002 MEDICAL EQUIPMENT Distiller, water, steam heated 50 GAL EA 19 
60061 E102002 MEDICAL EQUIPMENT Sterilizers, floor loading, single door steam EA 19 
60062 E102002 MEDICAL EQUIPMENT Sterilizers, floor loading, double door steam EA 19 
60063 E102002 MEDICAL EQUIPMENT Sterilizer, general purpose, single door EA 19 
60064 E102002 MEDICAL EQUIPMENT Manual washer/sterilizer EA 19 
60065 E102002 MEDICAL EQUIPMENT 
Steam generator, electric 10 kw to 180 kw, 
freestanding minimum EA 19 
60066 E102002 MEDICAL EQUIPMENT 
Steam generator, electric 10 kw to 180 kw, 
freestanding maximum EA 19 
60067 E102002 MEDICAL EQUIPMENT Bed Pan Washer/Sanitizer EA 19 
60068 E102004 MORTUARY EQUIPMENT 
Laboratory Sterilizer Glassware, under counter, 
minimum EA 19 
60069 E102004 MORTUARY EQUIPMENT 
Laboratory Sterilizer Glassware, under counter, 
Maximum EA 19 
60070 E102002 MEDICAL EQUIPMENT Utensil washer-sanitizer EA 19 
60071 E102002 MEDICAL EQUIPMENT Scrub, Surgical, stainless steel single station, Minimum EA 19 
60072 E102002 MEDICAL EQUIPMENT Walk In Refrigerator EA 19 
60073 E102002 MEDICAL EQUIPMENT Lab Air Dryers - 10 CFM - 50 CFM EA 19 
60074 E102003 LABORATORY EQUIPMENT Lab Air Dryers 51 CFM - 100 CFM EA 19 
60075 E102003 LABORATORY EQUIPMENT Tank, Steel, 19 GAL EA 19 
60076 E102003 LABORATORY EQUIPMENT Tank, Steel, 31 GAL EA 19 
60077 E102003 LABORATORY EQUIPMENT Tank, Steel, 61 GAL EA 19 
60078 E102003 LABORATORY EQUIPMENT Tank, Steel, 79 GAL EA 19 
60079 E102003 LABORATORY EQUIPMENT Tank, Steel, 119 GAL EA 19 
60080 E102003 LABORATORY EQUIPMENT Tank, Steel, 158 GAL EA 19 
60081 E102003 LABORATORY EQUIPMENT Tank, Steel, 211 GAL EA 19 
60082 E102003 LABORATORY EQUIPMENT Tank, Steel, 317 GAL EA 19 
60083 E102003 LABORATORY EQUIPMENT Tank, Steel, 422 GAL EA 19 
60084 E102003 LABORATORY EQUIPMENT Tank, Steel, 528 GAL EA 19 
60085 E102003 LABORATORY EQUIPMENT Walk In Refrigerator SF 19 
60086 E102003 LABORATORY EQUIPMENT Morgue Refrigerator, 2 person capacity EA 19 
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60087 E102003 LABORATORY EQUIPMENT Morgue Refrigerator, 6 person capacity EA 19 
60088 E102008 INSTRUMENTAL EQUIPMENT Medical Gas and Vacuum Alarm/Monitor Panel EA 19 
60089 E102008 INSTRUMENTAL EQUIPMENT Medical Gas Monitor/Alarm EA 19 
60090 F102001 SPECIAL PURPOSE ROOMS Audiometric Rooms, under 500 SF SF 19 
60091 F102001 SPECIAL PURPOSE ROOMS Audiometric Rooms, over 500 SF SF 19 
60092 C101005 INTERIOR WINDOWS Sliding Window EA 19 
60093 E102002 MEDICAL EQUIPMENT Tank, Steel, 19 GAL EA 19 
60094 E102002 MEDICAL EQUIPMENT Tank, Steel, 31 GAL EA 19 
60095 E102002 MEDICAL EQUIPMENT Tank, Steel, 61 GAL EA 19 
60096 E102002 MEDICAL EQUIPMENT Tank, Steel, 79 GAL EA 19 
60097 E102002 MEDICAL EQUIPMENT Tank, Steel, 119 GAL EA 19 
60098 E102002 MEDICAL EQUIPMENT Tank, Steel, 158 GAL EA 19 
60099 E102002 MEDICAL EQUIPMENT Tank, Steel, 211 GAL EA 19 
60100 E102002 MEDICAL EQUIPMENT Tank, Steel, 317 GAL EA 19 
60101 E102002 MEDICAL EQUIPMENT Tank, Steel, 422 GAL EA 19 
60102 E102002 MEDICAL EQUIPMENT Tank, Steel, 528 GAL EA 19 
60103 D502002 LIGHTING EQUIPMENT Obstruction (Beacon) Lights EA 19 
60104 D202091 AUXILIARY EQUIPMENT Expansion Tank EA 19 
60105 D202091 AUXILIARY EQUIPMENT Expansion Tank - 100 gal EA 19 
60106 D202091 AUXILIARY EQUIPMENT Expansion Tank - 120 gal EA 19 
60107 D202091 AUXILIARY EQUIPMENT Expansion Tank - 135 gal EA 19 
60108 D202091 AUXILIARY EQUIPMENT Expansion Tank - 15 gal EA 19 
60109 D202091 AUXILIARY EQUIPMENT Expansion Tank - 175 gal EA 19 
60110 D202091 AUXILIARY EQUIPMENT Expansion Tank - 220 gal EA 19 
60111 D202091 AUXILIARY EQUIPMENT Expansion Tank - 24 gal EA 19 
60112 D202091 AUXILIARY EQUIPMENT Expansion Tank - 240 gal EA 19 
60113 D202091 AUXILIARY EQUIPMENT Expansion Tank - 30 gal EA 19 
60114 D202091 AUXILIARY EQUIPMENT Expansion Tank - 305 gal EA 19 
60115 D202091 AUXILIARY EQUIPMENT Expansion Tank - 40 gal EA 19 
60116 D202091 AUXILIARY EQUIPMENT Expansion Tank - 400 gal EA 19 
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60117 D202091 AUXILIARY EQUIPMENT Expansion Tank - 60 gal EA 19 
60118 D202091 AUXILIARY EQUIPMENT Expansion Tank - 80 gal EA 19 
60119 D303004 AUXILIARY EQUIPMENT Expansion Tank EA 19 
60120 D303004 AUXILIARY EQUIPMENT Expansion Tank - 100 gal EA 19 
60121 D303004 AUXILIARY EQUIPMENT Expansion Tank - 120 gal EA 19 
60122 D303004 AUXILIARY EQUIPMENT Expansion Tank - 135 gal EA 19 
60123 D303004 AUXILIARY EQUIPMENT Expansion Tank - 15 gal EA 19 
60124 D303004 AUXILIARY EQUIPMENT Expansion Tank - 175 gal EA 19 
60125 D303004 AUXILIARY EQUIPMENT Expansion Tank - 220 gal EA 19 
60126 D303004 AUXILIARY EQUIPMENT Expansion Tank - 24 gal EA 19 
60127 D303004 AUXILIARY EQUIPMENT Expansion Tank - 240 gal EA 19 
60128 D303004 AUXILIARY EQUIPMENT Expansion Tank - 30 gal EA 19 
60129 D303004 AUXILIARY EQUIPMENT Expansion Tank - 305 gal EA 19 
60130 D303004 AUXILIARY EQUIPMENT Expansion Tank - 40 gal EA 19 
60131 D303004 AUXILIARY EQUIPMENT Expansion Tank - 400 gal EA 19 
60132 D303004 AUXILIARY EQUIPMENT Expansion Tank - 60 gal EA 19 
60133 D303004 AUXILIARY EQUIPMENT Expansion Tank - 80 gal EA 19 
60134 D304002 STEAM DISTRIBUTION SYSTEMS Ductile Iron  4" Pipe LF 19 
60135 D304002 STEAM DISTRIBUTION SYSTEMS Ductile Iron  6" Pipe LF 19 
60136 D304002 STEAM DISTRIBUTION SYSTEMS Copper  <1" Pipe LF 19 
60137 D304002 STEAM DISTRIBUTION SYSTEMS Copper  1"-2" Pipe LF 19 
60138 D304002 STEAM DISTRIBUTION SYSTEMS Copper  2"-4" Pipe LF 19 
60139 D304002 STEAM DISTRIBUTION SYSTEMS Copper  4"-6" Pipe LF 19 
60140 D304002 STEAM DISTRIBUTION SYSTEMS Copper >6" Pipe LF 19 
60141 D304002 STEAM DISTRIBUTION SYSTEMS PVC < 2" Pipe LF 19 
60142 D304002 STEAM DISTRIBUTION SYSTEMS PVC  2"-4" Pipe LF 19 
60143 D304002 STEAM DISTRIBUTION SYSTEMS PVC >6" Pipe LF 19 
60144 D304002 STEAM DISTRIBUTION SYSTEMS PVC  4"-6" Pipe LF 19 
60145 D304002 STEAM DISTRIBUTION SYSTEMS CPVC  <1" Pipe LF 19 
60146 D304002 STEAM DISTRIBUTION SYSTEMS CPVC  1"-2" Pipe LF 19 
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60147 D304002 STEAM DISTRIBUTION SYSTEMS CPVC  2"-4" Pipe LF 19 
60148 D304002 STEAM DISTRIBUTION SYSTEMS HDPE  4" Pipe LF 19 
60149 D304002 STEAM DISTRIBUTION SYSTEMS HDPE  6" Pipe LF 19 
60150 D304002 STEAM DISTRIBUTION SYSTEMS CPVC >6" Pipe LF 19 
60151 D304002 STEAM DISTRIBUTION SYSTEMS Black / Galvanized Steel  <1" Pipe LF 19 
60152 D304002 STEAM DISTRIBUTION SYSTEMS Black / Galvanized Steel  1"-2" Pipe LF 19 
60153 D304002 STEAM DISTRIBUTION SYSTEMS Black / Galvanized Steel  2"-4" Pipe LF 19 
60154 D304002 STEAM DISTRIBUTION SYSTEMS Black / Galvanized Steel  4"-6" Pipe LF 19 
60155 D304002 STEAM DISTRIBUTION SYSTEMS Black / Galvanized Steel >6" Pipe LF 19 
60156 D304003 HOT WATER DISTRIBUTION SYSTEMS Ductile Iron  4" Pipe LF 19 
60157 D304003 HOT WATER DISTRIBUTION SYSTEMS Ductile Iron  6" Pipe LF 19 
60158 D304003 HOT WATER DISTRIBUTION SYSTEMS Copper  <1" Pipe LF 19 
60159 D304003 HOT WATER DISTRIBUTION SYSTEMS Copper  1"-2" Pipe LF 19 
60160 D304003 HOT WATER DISTRIBUTION SYSTEMS Copper  2"-4" Pipe LF 19 
60161 D304003 HOT WATER DISTRIBUTION SYSTEMS Copper  4"-6" Pipe LF 19 
60162 D304003 HOT WATER DISTRIBUTION SYSTEMS Copper >6" Pipe LF 19 
60163 D304003 HOT WATER DISTRIBUTION SYSTEMS PVC < 2" Pipe LF 19 
60164 D304003 HOT WATER DISTRIBUTION SYSTEMS PVC  2"-4" Pipe LF 19 
60165 D304003 HOT WATER DISTRIBUTION SYSTEMS PVC >6" Pipe LF 19 
60166 D304003 HOT WATER DISTRIBUTION SYSTEMS PVC  4"-6" Pipe LF 19 
60167 D304003 HOT WATER DISTRIBUTION SYSTEMS CPVC  <1" Pipe LF 19 
60168 D304003 HOT WATER DISTRIBUTION SYSTEMS CPVC  1"-2" Pipe LF 19 
60169 D304003 HOT WATER DISTRIBUTION SYSTEMS CPVC  2"-4" Pipe LF 19 
60170 D304003 HOT WATER DISTRIBUTION SYSTEMS HDPE  4" Pipe LF 19 
60171 D304003 HOT WATER DISTRIBUTION SYSTEMS HDPE  6" Pipe LF 19 
60172 D304003 HOT WATER DISTRIBUTION SYSTEMS CPVC >6" Pipe LF 19 
60173 D304003 HOT WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  <1" Pipe LF 19 
60174 D304003 HOT WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  1"-2" Pipe LF 19 
60175 D304003 HOT WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  2"-4" Pipe LF 19 
60176 D304003 HOT WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  4"-6" Pipe LF 19 
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60177 D304003 HOT WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel >6" Pipe LF 19 
60178 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Ductile Iron  4" Pipe LF 19 
60179 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Ductile Iron  6" Pipe LF 19 
60180 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Copper  <1" Pipe LF 19 
60181 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Copper  1"-2" Pipe LF 19 
60182 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Copper  2"-4" Pipe LF 19 
60183 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Copper  4"-6" Pipe LF 19 
60184 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Copper >6" Pipe LF 19 
60185 D304006 CHILLED WATER DISTRIBUTION SYSTEMS PVC < 2" Pipe LF 19 
60186 D304006 CHILLED WATER DISTRIBUTION SYSTEMS PVC  2"-4" Pipe LF 19 
60187 D304006 CHILLED WATER DISTRIBUTION SYSTEMS PVC >6" Pipe LF 19 
60188 D304006 CHILLED WATER DISTRIBUTION SYSTEMS PVC  4"-6" Pipe LF 19 
60189 D304006 CHILLED WATER DISTRIBUTION SYSTEMS CPVC  <1" Pipe LF 19 
60190 D304006 CHILLED WATER DISTRIBUTION SYSTEMS CPVC  1"-2" Pipe LF 19 
60191 D304006 CHILLED WATER DISTRIBUTION SYSTEMS CPVC  2"-4" Pipe LF 19 
60192 D304006 CHILLED WATER DISTRIBUTION SYSTEMS HDPE  4" Pipe LF 19 
60193 D304006 CHILLED WATER DISTRIBUTION SYSTEMS HDPE  6" Pipe LF 19 
60194 D304006 CHILLED WATER DISTRIBUTION SYSTEMS CPVC >6" Pipe LF 19 
60195 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  <1" Pipe LF 19 
60196 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  1"-2" Pipe LF 19 
60197 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  2"-4" Pipe LF 19 
60198 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel  4"-6" Pipe LF 19 
60199 D304006 CHILLED WATER DISTRIBUTION SYSTEMS Black / Galvanized Steel >6" Pipe LF 19 
60200 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS Alert Lights EA 19 
60201 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS Occupancy Lights EA 19 
60202 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS Panic Light EA 19 
60203 
D503090 OTHER COMMUNICATIONS & ALARM 
SYSTEMS Voice Evacuation System EA 19 
322 
 
CMC Material Category Component Type UoM Design Life 
60204 E102002 MEDICAL EQUIPMENT Medical Gas Supply Station - 10 bottle EA 19 
60205 E102002 MEDICAL EQUIPMENT Surgical Lights, doctors office, single arm EA 19 
60206 E102002 MEDICAL EQUIPMENT Surgical Lights, doctors office, dual arm EA 19 
60207 E102002 MEDICAL EQUIPMENT 
Surgical Lights, major operating room, dual head, 
minimum EA 19 
60208 E102002 MEDICAL EQUIPMENT 
Surgical Lights, major operating room, dual head, 
maximum EA 19 
60209 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Inverted Bucket 1/2" EA 19 
60210 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Inverted Bucket 3/4" EA 19 
60211 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Inverted Bucket 1" EA 19 
60212 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Inverted Bucket 1-1/4" EA 19 
60213 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Float & thermostatic 3/4" EA 19 
60214 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Float & thermostatic 1" EA 19 
60215 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Float & thermostatic 1-1/4" EA 19 
60216 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Float & thermostatic 1-1/2" EA 19 
60217 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Cast Iron - Float & thermostatic 2" EA 19 
60218 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap Brass - Thermostatic 1/2" EA 19 
60219 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Brass - Thermostatic 3/4" EA 19 
60220 D304002 STEAM DISTRIBUTION SYSTEMS Steam Trap - Brass - Thermostatic 1" EA 19 
60221 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 6" x 6" EA 19 
60222 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 8" x 6" EA 19 
60223 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 12" x 6" EA 19 
60224 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 20" x 6" EA 19 
60225 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 12" x 8" EA 19 
60226 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 8" EA 19 
60227 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 12" x 10" EA 19 
60228 D304002 STEAM DISTRIBUTION SYSTEMS Fire Damper - curtain type - 24" x 10" EA 19 
60229 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 36" x 10" EA 19 
60230 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 16" x 12" EA 19 
60231 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 12" EA 19 
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60232 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 48" x 12" EA 19 
60233 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 16" x 14" EA 19 
60234 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 14" EA 19 
60235 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 30" x 14" EA 19 
60236 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 18" x 16" EA 19 
60237 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 16" EA 19 
60238 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 36" x 16" EA 19 
60239 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 18" EA 19 
60240 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 48" x 18" EA 19 
60241 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 20" EA 19 
60242 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 36" x 20" EA 19 
60243 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 24" x 22" EA 19 
60244 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 30" x 22" EA 19 
60245 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 26" x 24" EA 19 
60246 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 48" x 24" EA 19 
60247 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 28" x 26" EA 19 
60248 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 30" x 28" EA 19 
60249 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 48" x 30" EA 19 
60250 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 48" x 36" EA 19 
60251 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 44" x 44" EA 19 
60252 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - curtain type - 48" x 48" EA 19 
60253 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 8" x 8" EA 19 
60254 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 16" x 8" EA 19 
60255 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 18" x 8" EA 19 
60256 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 20" x 8" EA 19 
60257 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 10" x 10" EA 19 
60258 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 10" EA 19 
60259 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 30" x 10" EA 19 
60260 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 12" x 12" EA 19 
60261 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 18" x 12" EA 19 
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60262 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 12" EA 19 
60263 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 30" x 12" EA 19 
60264 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 14" x 14" EA 19 
60265 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 16" x 14" EA 19 
60266 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 20" x 14" EA 19 
60267 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 14" EA 19 
60268 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 30" x 14" EA 19 
60269 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 16" x 16" EA 19 
60270 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 20" x 16" EA 19 
60271 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 16" EA 19 
60272 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 30" x 16" EA 19 
60273 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 18" x 18" EA 19 
60274 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 18" EA 19 
60275 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 36" x 18" EA 19 
60276 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 20" x 20" EA 19 
60277 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 20" EA 19 
60278 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 30" x 20" EA 19 
60279 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 36" x 20" EA 19 
60280 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 24" x 24" EA 19 
60281 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 30" x 24" EA 19 
60282 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 36" x 24" EA 19 
60283 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 36" x 30" EA 19 
60284 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 40" x 36" EA 19 
60285 D304001 AIR DISTRIBUTION, HEATING & COOLING Fire Damper - Power open-spring close - 48" x 48" EA 19 
60286 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -8" x 6" EA 19 
60287 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -8" x 8" EA 19 
60288 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -10" x 10" EA 19 
60289 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -12" x 12" EA 19 
60290 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -12" x 18" EA 19 
60291 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -14" x 10" EA 19 
325 
 
CMC Material Category Component Type UoM Design Life 
60292 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -14" x 14" EA 19 
60293 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -16" x 12" EA 19 
60294 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -16" x 16" EA 19 
60295 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -18" x 16" EA 19 
60296 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -18" x 18" EA 19 
60297 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -18" x 24" EA 19 
60298 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -18" x 28" EA 19 
60299 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -20" x 16" EA 19 
60300 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -20" x 20" EA 19 
60301 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -22" x 18" EA 19 
60302 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -24" x 16" EA 19 
60303 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -24" x 20" EA 19 
60304 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -24" x 24" EA 19 
60305 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -24" x 28" EA 19 
60306 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -26" x 26" EA 19 
60307 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -28" x 28" EA 19 
60308 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -30" x 18" EA 19 
60309 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -30" x 24" EA 19 
60310 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -30" x 30" EA 19 
60311 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -32" x 32" EA 19 
60312 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -36" x 12" EA 19 
60313 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -36" x 16" EA 19 
60314 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -36" x 36" EA 19 
60315 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -44" x 28" EA 19 
60316 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -48" x 36" EA 19 
60317 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -56" x 36" EA 19 
60318 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -60" x 36" EA 19 
60319 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - opposed blade -60" x 44" EA 19 
60320 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 8" x 6" EA 19 
60321 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 10" x 6" EA 19 
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60322 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 10" x 10" EA 19 
60323 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 12" x 12" EA 19 
60324 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 12" x 16" EA 19 
60325 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 16" x 10" EA 19 
60326 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 16" x 14" EA 19 
60327 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 16" x 18" EA 19 
60328 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 18" x 12" EA 19 
60329 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 18" x 18" EA 19 
60330 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 20" x 14" EA 19 
60331 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 20" x 18" EA 19 
60332 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 24" x 12" EA 19 
60333 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 24" x 18" EA 19 
60334 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 24" x 24" EA 19 
60335 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 28" x 10" EA 19 
60336 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 28" x 16" EA 19 
60337 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 30" x 14" EA 19 
60338 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 30" x 18" EA 19 
60339 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - motorized - 30" x 24" EA 19 
60340 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 8" x 8" EA 19 
60341 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 12" x 8" EA 19 
60342 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 16" x 10" EA 19 
60343 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 18" x 12" EA 19 
60344 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 22" x 12" EA 19 
60345 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 24" x 16" EA 19 
60346 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 28" x 16" EA 19 
60347 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 30" x 16" EA 19 
60348 D304001 AIR DISTRIBUTION, HEATING & COOLING Volume Control Damper - parallel blade - 30" x 18" EA 19 
70133 D3080001 BALL VALVES 2 INCH EA 19 
70134 D3080001 BALL VALVES 4 INCH EA 19 
70135 D3080001 BALL VALVES 6 INCH EA 19 
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70136 D3080004 BUTTERFLY VALVES 3 INCH EA 19 
70137 D3080004 BUTTERFLY VALVES 4 INCH EA 19 
70138 D3080004 BUTTERFLY VALVES 6 INCH EA 19 
70139 D3080004 BUTTERFLY VALVES 8 INCH EA 19 
70140 D3080004 BUTTERFLY VALVES 10 INCH EA 19 
70141 D3080004 BUTTERFLY VALVES 12 INCH EA 19 
70142 D3080010 OTHER VALVES CALIBRATED BALANCING VALVE EA 19 
70143 D3080009 CHECK VALVES 2 INCH EA 19 
70144 D3080009 CHECK VALVES 4 INCH EA 19 
70145 D3080009 CHECK VALVES 6 INCH EA 19 
70146 D3080009 CHECK VALVES 10 INCH EA 19 
70147 D3080005 FLOW CONTROL VALVES 2 INCH EA 19 
70148 D3080005 FLOW CONTROL VALVES 4 INCH EA 19 
70149 D3080005 FLOW CONTROL VALVES 6 INCH EA 19 
70150 D3080005 FLOW CONTROL VALVES 8 INCH EA 19 
70151 D3080005 FLOW CONTROL VALVES 10 INCH EA 19 
70152 D3080005 FLOW CONTROL VALVES 12 INCH EA 19 
70153 D3080002 GATE VALVES 2 INCH EA 19 
70154 D3080002 GATE VALVES 3 INCH EA 19 
70155 D3080002 GATE VALVES 4 INCH EA 19 
70156 D3080002 GATE VALVES 6 INCH EA 19 
70157 D3080002 GATE VALVES 8 INCH EA 19 
70158 D3080002 GATE VALVES 10 INCH EA 19 
70159 D3080002 GATE VALVES 12 INCH EA 19 
70160 D3080006 GLOBE VALVES 2 INCH EA 19 
70162 D3080007 PLUG VALVES > 6 INCHES EA 19 
70163 D3080007 PLUG VALVES 6 INCH EA 19 
70164 D3080007 PLUG VALVES 8 INCH EA 19 
70165 D3080008 SOLENOID VALVES 2 INCH EA 19 
70166 D3080008 SOLENOID VALVES 3 INCH EA 19 
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70167 D3080008 SOLENOID VALVES 4 INCH EA 19 
70168 D3080008 SOLENOID VALVES > 4 INCHES EA 19 
70169 D3080003 VALVES, NON-DRAIN 2 INCH EA 19 
70170 D3080003 VALVES, NON-DRAIN 4 INCH EA 19 
70171 D3080003 VALVES, NON-DRAIN 6 INCH EA 19 
70172 D3080003 VALVES, NON-DRAIN 8 INCH EA 19 
70173 D3080003 VALVES, NON-DRAIN 10 INCH EA 19 
70174 D3080003 VALVES, NON-DRAIN 12 INCH EA 19 
70175 D3080003 VALVES, NON-DRAIN 14 INCH EA 19 
70176 D202006 BALL VALVES 2 INCH EA 19 
70177 D202006 BALL VALVES 4 INCH EA 19 
70178 D202006 BALL VALVES 6 INCH EA 19 
70179 D202007 GATE VALVES 2 INCH EA 19 
70180 D202007 GATE VALVES 3 INCH EA 19 
70181 D202007 GATE VALVES 4 INCH EA 19 
70182 D202007 GATE VALVES 6 INCH EA 19 
70183 D202007 GATE VALVES 8 INCH EA 19 
70184 D202007 GATE VALVES 10 INCH EA 19 
70185 D202007 GATE VALVES 12 INCH EA 19 
70186 D202008 VALVES, NON-DRAIN 2 INCH EA 19 
70187 D202008 VALVES, NON-DRAIN 4 INCH EA 19 
70188 D202008 VALVES, NON-DRAIN 6 INCH EA 19 
70189 D202008 VALVES, NON-DRAIN 8 INCH EA 19 
70190 D202008 VALVES, NON-DRAIN 10 INCH EA 19 
70191 D202008 VALVES, NON-DRAIN 12 INCH EA 19 
70192 D202008 VALVES, NON-DRAIN 14 INCH EA 19 
70193 D202009 BUTTERFLY VALVES 3 INCH EA 19 
70194 D202009 BUTTERFLY VALVES 4 INCH EA 19 
70195 D202009 BUTTERFLY VALVES 6 INCH EA 19 
70196 D202009 BUTTERFLY VALVES 8 INCH EA 19 
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70197 D202009 BUTTERFLY VALVES 10 INCH EA 19 
70198 D202009 BUTTERFLY VALVES 12 INCH EA 19 
70199 D202010 FLOW CONTROL VALVES 2 INCH EA 19 
70200 D202010 FLOW CONTROL VALVES 4 INCH EA 19 
70201 D202010 FLOW CONTROL VALVES 6 INCH EA 19 
70202 D202010 FLOW CONTROL VALVES 8 INCH EA 19 
70203 D202010 FLOW CONTROL VALVES 10 INCH EA 19 
70204 D202010 FLOW CONTROL VALVES 12 INCH EA 19 
70205 D202011 GLOBE VALVES 2 INCH EA 19 
70207 D202012 PLUG VALVES > 6 INCHES EA 19 
70208 D202012 PLUG VALVES 6 INCH EA 19 
70209 D202012 PLUG VALVES 8 INCH EA 19 
70211 D202013 SOLENOID VALVES 3 INCH EA 19 
70213 D202013 SOLENOID VALVES > 4 INCHES EA 19 
70214 D202013 SOLENOID VALVES 2 INCH EA 19 
70215 D202013 SOLENOID VALVES 4 INCH EA 19 
70216 D202013 SOLENOID VALVES 6 INCH EA 19 
70217 D202013 SOLENOID VALVES 10 INCH EA 19 
70218 D202015 OTHER VALVES CALIBRATED BALANCING VALVE EA 19 
70219 D202014 CHECK VALVES 2 INCH EA 19 
70220 D202014 CHECK VALVES 4 INCH EA 19 
70221 D202014 CHECK VALVES 6 INCH EA 19 
70222 D202014 CHECK VALVES 10 INCH EA 19 
70800 D501004 PANELBOARDS Safety Switch (Residential), 200 Amp EA 40 
70801 D501004 PANELBOARDS Main lugs (Residential), 120/208 V, 225 amp, NQOD EA 40 
70802 D501004 PANELBOARDS Main lugs (Residential), 50 amp EA 40 
70803 D501004 PANELBOARDS Switchgear (Residential) EA 50 
70804 D501003 INTERIOR DISTRIBUTION TRANSFORMERS 
(Residential) dry-type, 5 kV primary 277/480 volt 
secondary, 1500 kVA EA 50 
70805 D501004 PANELBOARDS Main lugs (Residential), 125 amp EA 40 
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70806 D501004 PANELBOARDS Safety Switch (Residential), 400 Amp EA 40 
70807 D501004 PANELBOARDS Switchgear (Residential) - 2000 Amp EA 50 
70808 G202003 PAVED SURFACES (Residential) Asphalt SF 20 
70809 D501004 PANELBOARDS Main lugs (Residential), 600 amp EA 40 
70810 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), End Suction - 2-1/2" 
size, 3 HP, to 150 GPM EA 20 
70811 D502002 LIGHTING EQUIPMENT Interior Lighting (Residential), Incandescent EA 20 
70812 B203001 SOLID DOORS Steel (Residential) EA 20 
70813 D502002 LIGHTING EQUIPMENT Interior Lighting (Residential), Fluorescent EA 20 
70814 D501004 PANELBOARDS Main lugs (Residential), 400 amp EA 40 
70815 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), End Suction - 3" size, 5 
HP, to 225 GPM EA 20 
70816 D201001 WATERCLOSETS Residential EA 25 
70817 D501004 PANELBOARDS Main lugs (Residential), 200 amp EA 40 
70818 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), End Suction - 4" size, 7-
1/2 HP, to 350 GPM EA 20 
70819 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Residential, Electric - 50 gal, 9 KW, 37 
GPH EA 10 
70820 D304003 HOT WATER DISTRIBUTION SYSTEMS Circulating Pump (Residential), End Suction EA 20 
70821 D306002 ELECTRONIC CONTROLS Residential EA 10 
70822 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), End Suction - 5" size, 
15 HP, to 1000 GPM EA 20 
70823 D202003 DOMESTIC WATER EQUIPMENT 
Water Heaters, Residential, Electric - 80 gal, 36 KW, 
147 GPH EA 10 
70824 C103006 SHELVING Residential LF 50 
70825 B203001 SOLID DOORS Aluminum (Residential) EA 20 
70826 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), End Suction - 6" size, 
25 HP, to 1550 GPM EA 20 
70827 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), Double Suction - 6" 
size, 50 HP, to 1200 GPM EA 20 
70828 D305003 FAN COIL UNITS Residential EA 15 
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70829 D304001 AIR DISTRIBUTION, HEATING & COOLING Dehumidifier (Residential) EA 10 
70830 D202002 VALVES & HYDRANTS Residential EA 25 
70831 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), Double Suction - 8" 
size, 75 HP, to 2500 GPM EA 20 
70832 D304003 HOT WATER DISTRIBUTION SYSTEMS Circulating Pump (Residential), Double Suction EA 20 
70833 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), Double Suction - 8" 
size, 100 HP, to 3000 GPM EA 20 
70834 C102004 SLIDING & FOLDING DOORS Residential EA 30 
70835 D503004 TELEVISION SYSTEMS Residential EA 20 
70836 D503001 TELECOMMUNICATIONS SYSTEMS Residential EA 20 
70837 D304003 HOT WATER DISTRIBUTION SYSTEMS 
Circulating Pump (Residential), Double Suction - 10" 
size, 150 HP, to 4000 GPM EA 20 
70838 C103010 CASEWORK Residential LF 20 
70839 D304007 EXHAUST SYSTEMS Kitchen Exhaust/Make-Up Air (Residential) EA 20 
 
